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NOVEL PDEs AND USES THEREOF 

5 This application is based on provisional applications, U. S. Serial No. 60/232,445, filed 
September 12, 2000, and 60/240,500, filed October 12, 2000, the contents of which are 
hereby incorporated by reference, in their entirety, into this application. 

This work was supported by a Research Grant from the National Institute of Health 
10 DK21723 and GMO7750. 

Throughout this application various publications are referenced. The disclosures of these 
publications in their entireties are hereby incorporated by reference into this application 
in order to more fully describe the state of the art to which this invention pertains. 

15 

FIELD OF THE INVENTION 

This invention relates to novel amino acid and nucleic acid sequences of novel cyclic 
nucleotide phosphodiesterases (PDEs) that are involved in T cell activation or from 
20 Tiypanosome brucei. The invention further relates to the use of these sequences in the 
diagnosis and treatment of immune disorders. The invention also relates to development 
of specific inhibitors as target of T-cell mediated or modulated diseases, and/or 
antiprotozoal agents. 

25 BACKGROUND OF THE INVENTION 

The second messengers " cAMP and cGMP play important roles in mediating the 
biological effects of a wide variety of first messengers such as transducing a variety of 
extracellular signals, including hormones, light, and neurotransmitters. The intracellular 
30 levels of cAMP and cGMP are controlled by their rates of synthesis by cyclases and their 
rate of degradation by phosphodiestrases (PDEs). 
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Manganiello, V. (1997) Journal Of Immunology 159, 1520-1529; Er^gan, S. and 
Houslay, M. D. (1997) Biochemical Journal 321) and 7 (Giembycz, M. A., Corrigan, C. 
J., Seybold, J., Newton, R., and Barnes, P. J. (1996) Br J Pharmacol 118, 1945-58) have 
been reported to be expressed in human T cells. 

5 

Furthermore, PDE4 inhibitors have been found to be potent inhibitors of T cell 
proliferation (Manning, C. D., Burman, M., Christensen, S. B., Cieslinski, L. B., Essayan, 
D. M., Grous, ML, Torphy, T. J., and Barnette, M. S. (1999): British Journal Of 
Pharmacology. Dec 128, 1393-1398). 

10 

Additional forms of PDEs have been described in yeast (Saccharomyces cerevisiae) 
(Nikawa J. et al., Mol Cell Biol 1987; 7: 3629-36), the slime mold Dictyostelium 
discoideum (Lacombe M.L. et al, J Biol Chem 1986; 261: 16811-7, Vibrio fisheri 
(Dunlap P.V. et al., J Bacteriol 1993; 175: 4615-24) and Candida albicans (Hoyer L.L. et 
15 al, Microbiology 1994; 140: 1533-42), that exhibit very little amino acid sequence 
identity with the previously described enzymes. These enzymes are currently designated 
as Class II PDEs, and likely have a different evolutionary origin, since, in contrast to all 
other eukaryotic PDEs, they have catalytic domains unlike those in mammalian Class I 
enzymes (Nikawa J. et al., Mol Cell Biol 1987; 7: 3629-36). 

20 

There is limited information about PDEs in trypanosomatids, a eukaryotic microorganism 
which causes the fatal human sleeping sickness (Vickerman, K. (1985) Br. Med-1. 
41,105-1 14), as well as Nagana, a devastating disease of domestic animals in large parts 
of sub-Saharan Africa. Chemotherapy of human trypanosomiasis is in a dismal state 
25 (Seebeck, T. et al., (1999) Nova Act. Leopold 78. 227-241). The cyclic 
nucleotide-specific PDEs may constitute a class of new drug targets. 

cAMP signaling in trypanosomes is still largely unexplored (Naula, C. and Seebeck, T. 
(2000) Parasitol.Today 16, 35-38; Pays, .E. et al., (1997) In: Trypanosomiasis and 
30 Leishmaniasis (Hide, G., Mottra, W.C., Coombs, G.H., and Holmes, P.H. eds.), 
199-225). cAMP is involved in the regulation of differentiation of bloodstream form 
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trypanosomes from the proliferative "long slender" forms to the insect-preadapted. 
non-proliferative "short stumpy" forms (Vassella, E. et al., (1997) J. Cell Set 110, 
2661-2671). Several gene families for adenylyl cyclases have been identified in T. brucei 
(Naula, C, and Seebeck,T. (2000) ParasitoLToday 16, 35-38; Alexandre, S. et al., (1996) 
Mol Biochein. Parasitol 77, 173-182; Alexandre, S. et al., (1990) Mol Biochem. 
Parasitol 43, 279-288). Even less is known about the trypanosomal phosphodiesterases. 
An early study demonstrated PDE activity in cell lysates of the bloodstream form T. 
brucei (Walter, R.D., and Opperdoes, F.R. (1982) Mol Biochem. Parasitol 6, 287-295), 
and experiments with PDE inhibitors suggested that interference with PDE activity might 
affect cell differentiation (Vassella, E. et al, (1997) J. Cell Sci. 110, 2661-2671; Reed, 
S.L. et al., (1985) Infect. Immunol 49, 844-847). 

SUMMARY OF THE INVENTION 

The invention provides novel, isolated PDE proteins and nucleic acid molecules thereof, 
and methods for their uses. The nucleic acid molecules of the invention also include 
peptide nucleic acids (PNA), and antisense molecules that react with the nucleic acid 
molecules of the invention. 

In one embodiment, the invention provides a full-length, novel T cell associated PDE, 
designated PDE8A, including the protein and polypeptide molecules, nucleic acid 
molecules and fragments thereof. The invention also provides another novel T cell 
associated PDE, designated PDE7A3, including the protein and polypeptide molecules, 
nucleic acid molecules and fragments thereof. Also included are novel PDEs from 
Trypanosome brucei, designated TbPDE2A, TbPDE2B, TbPDE2C, and TbPDE2E, 
including, the protein and polypeptide molecules, nucleic acid molecules and fragments 
thereof. 

The present invention also encompasses various nucleotide sequences that represent 
different forms of the novel PDEs genes and transcripts, such as different allelic forms, 
polymorphic forms, alternative precursor transcripts, mature transcripts, and differentially 
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spliced transcripts. Additionally, recombinant nucleic acid molecules that are codon 
usage variants of the novel PDEs sequences are provided. 

The present invention includes the polynucleotides encoding novel PDEs in recombinant 
5 expression vectors and host-vector systems that include the expression vectors. One 
embodiment provides various host cells transformed with recombinant vectors that 
include the novel PDE sequences of the invention. 

The present invention also provides recombinant nucleic acid molecules encoding fusion 
10 protein sequences. For example, the novel PDE portion of the fusion protein may be 
joined to a non-PDE protein sequence such as glutathione S-transferase (GST), or an 
immunoglobulin (Ig) domain. 

The present invention further provides recombinant nucleic acid molecules encoding wild 
15 type or mutant sequences of novel PDE proteins, or fragments thereof having PDE 
biological activity. 

The present invention provides methods for using isolated and substantially purified 
novel PDE nucleotide sequences as nucleic acid probes and primers, for using novel PDE 
20 polypeptides as antigens for the production of anti-novel PDE antibodies, and for using 
novel PDE polypeptides for obtaining and detecting novel PDE ligands. The novel PDE 
probes and primers, and the anti-novel PDE antibodies are useful in diagnostic assays and 
kits for the detection of naturally occurring novel PDE nucleotide sequences and novel 
PDE protein sequences present in biological samples. 

25 

The invention also relates to antisense molecules capable of reacting with the novel PDE 
nucleotide sequences of the invention, thereby disrupting expression of genomic novel 
PDE sequences. The invention also relates to agonists, antibodies, antagonists or 
inhibitors of the activity of the novel PDE proteins. These compositions are useful for 
30 the detection, prevention and/or treatment of conditions associated with the presence or 
the deficiency of the novel PDE proteins. 

6 




SDOCJD: <WO 022266 1A2J_> 



WO 02/22661 



BRIEF DESCRIPTION OF THE FIGURES 

Figure 1A shows the complete nucleotide sequence (SEQ ID NO.: 1) and the protein 
sequence (SEQ ID NO.: 2) of PDE8A, including the N-terminal sequence. 

5 

Figure IB shows the N-terminal alignment of human (SEQ ID NO.: 3) and mouse PDE8A 
(SEQ ID NO.: 4) sequences. 

Figure 2A shows the time course of induction of PDE7A and PDE8A as described in 
10 Example 3. The left panel is the time course of induction of PDE7A and PDE8A 
compared to a G3PDH control. The right panel shows RT-PCR of a time course using 
serially diluted cDNA. 

Figure 2B shows RT-PCR performed for PDE8A on 16 hour stimulated cells as described 
15 in example 3. The cells were stimulated with antibodies to either CD3, CD28, or a 
combination of the antibodies. 

Figure 2C shows the effect of an inhibitor of Ick kinase (PP2) on upregulation of PDE7A 
• and 8A, as described in Example 3, infra, 

20 

Figure 2D shows the effects of a PDE7A-antisense S-oligo or a control S-oligo on 
PDE8A expression in CD4 + T cells at various times after CD3 and CD28 stimulation, as 
described in Example 3, infra. 

25 Figure 3 is a Western blot analysis showing upregulation of PDE8A protein at various 
times after T cell stimulation, as described in Example 4, infra. Two PDE8A antibodies 
were used: a monoclonal antibody to a PAS domain fusion (P4G7) and a polyclonal 
antibody to a N-terminal peptide (PIL9). 

30 Figure 4 shows inhibition of proliferation of CD4 + T cells by a PDE8A antisense 
oligonucleotide, as described in Example 5, infra. 

7 
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Figure 5A shows the PDE activity profile of a monoQ HPLC profile of hut78 cells using 
IjiM of cAMP as a substrate, as described in Example 6, infra. 

5 Figure 5B shows the PDE activity profile using 0.01 |iM cAMP as substrate (•) in the 
presence of 10 \\M rolipram (A) or 100 \M IBMX (□ ) 5 as described in Example 6, 
infra. 

Figure 5C shows that the total PDE activity profile (measured at 0.01 |iM cAMP). the 
10 PDE activity overlayed with the band intensities of PDE7A or PDE8A from the blots 
shown in the inset below, and is therefore contributed by both PDE7 and PDE8. PDE8A 
was blotted with two antibodies, P4G7 and PEL9, as described in Example 6, infra. 

Figure 6A shows that immunoprecipitated PDE8A activity from hut78 cells is inhibited 
15 by 1 00 pM IBMX, as described in Example 7, infra. 

Figure 6B shows that PDE8A activity in CD4+ T cells increases after stimulation with 
CD3 and CD28 antibodies, as described in Example 7, infra. 

20 Figure 7A shows that PDE activity of human PDE8A expressed in sf9 cells increases 
after digestion with trypsin for 2 min (■) or 10 min (A), as described in Example 8, 
infra. The inset shows the increase in PDE activity of trypsin digested sf9 expressed 
human PDE8A by Western blot analysis using PDE8A specific monoclonal (P4G7) or 
polyclonal (PIL13) antibodies. 

25 

Figure 7B shows that PDE8A activity of trypsin digested sf9-expressed PDE8A is 
sensitive to IBMX inhibition, as described in Example 8, infra. 

Figure 8A shows nucleotide sequence of a new splice variant, PDE7A3 (SEQ ID NO.: 5). 

30 

Figure 8B shows amino acid sequence of PDE7A3 ((SEQ ID NO.: 6). 

8 
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Figure 9A shows alignment of PDE7A1 (SEQ ID NO.: 7) and PDE7A3 (SEQ ID NO. 8) 
C-termini, the numbering refers to PDE7A1 sequence. 

5 Figure 9B shows comparison of the splice variants of PDE7A. 

Figure 9C shows Northern blot analysis of PDE7A3. 

Figure 10A shows upregulation of PDEs 7A1, 7A3 and 8 A in CD3+ T cells. The upper 
10 panel shows a time course of induction of PDE7A1, 7A3, 8A or G3PDH control; the 
middle panel shows the quantification of intensities of the bands shown in the upper 
panel, the lower panel shows RT-PCR of a time course using serially diluted cDNA (The 
numbers shown above the lanes indicate hours after stimulation). 

15 Figure 10B shows comparison of methods of preparation of CD4+ T cells. Cells were 
prepared using a) the CD4+ T cells isolation kit in combination with CD69 kit; b) a 
mixture of monoclonal antibodies (CDS, CD16, CD20, CD25, HLADr) and goat anti- 
mouse magnetic beads. cDNA was isolated at 1 hour or 16 hour after stimulation and 
PCR was performed for PDE7A1, PDE7A3, PDE8A, nad G3PDH. 

20 

Figure 10C shows upregulation of PDE8A in in CD4+ T cells. Left panel shows PCR for 
PDE8A from cells harvested at 1 and 16 hour after stimulation using either CD3, CD28 
or a combination of the monoclonal antibodies; right panel shows Western blot of cells 
harvested 16 hours after stimulation using PDE8A polyclonal antibody (PDL9). 

25 

Figure 1 1 shows upregulation of PDE7A and PDE8A by Western blot analysis. A 
biotinylated monoclonal antibody (P5H7) and a strepavidin horseradish peroxidase 
conjugate were used for PDE7A blot; a monoclonal antobody (P4G7) and a goat-anti- 
mouse IgM-horseradish peroxidase conjugate was used for PDE8A blot; a polyclonal 
30 antibody (6976) to a C-terminal peptide of PDE7A3 and a goat-anti-rabbit IgG 
horseradish peroxidase conjugate were used for the PDE7A3 blots; a monoclonal 

9 
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antibody (P5H7) for PDE7A and a goat anti-mouse-kappa-horseradish peroxidase 
conjugate were used for the PDE7A blot which shows both PDE7A1 (upper band) and 
PDE7A3 (lower band). • 

5 Figure 12 shows PDE activity profile of a monoQ HPLC profile of hut78 cells using 
cAMP as a substrate, as described in Example 6, infra. A) PDE activity of profile of Hut 
cells using 1 \iM cAMP as a substrate; B) PDE activity profile using 0.01 yM cAMP as 
substrate (•) in the presence of 10 \M rolipram (A) or 100 pM IBMX (□ ); C) the PDE 
activity profile (0.01 nM cAMP) overlayed with the band intensities (in arbitrary units) 
10 of PDE7A (A) or PDE8A (■) from the blots shown in the inset below, PDE7A1 was 
detected with P5H7 monoclonal antibody and PDE8 was detected with PDL9 polyclonal 
antibody, PDE7A3 was detected with both the P5H7 monoclonal antibody and the 6976 
polyclonal antibody and eluted in a region with low activity. 

15 Figure 13A shows that PDE activity of human PDE8A expressed in sf9 cells increases 
after digestion with trypsin for 2 min (■), as described in Example 8, infra. The inset the 
graph shows Western blot analysis of the 2 min or 10 min digested samples performed 
with the monoclonal PDE8A antibody (P4G7) or the polyclonal antibody specific For the 
C-terminal peptide (PIL13). 

20 

Figure 13B shows that PDE8A activity of trypsin digested sf9-expressed PDE8A is 
sensitive to IBMX inhibition. IBMX inhibition of undigested PDE8A/sf9 extract (■), the 
two minute trypsin digested extract (♦) and PDE8A immunoprecipitated from Hut78 
cells (A). The cell extracts were immunoprecxipitated with PDE8A monoclonal antibody 
25 (3 x 10 7 cells/IP) and assayed with 0.01 |iM cAMP, as described in Example 8, infra. 

Figure 13C shows the activity of immunoprecipitated PDE8A from CD4+ T cells with 
0.01 jiM cAMP. 

30 Figure 14 shows the three classes of PDE8 interacting proteins that were identified using 
the Yeast Two Hybrid Screening Assay, as described in Example 10, infra. 

10 
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Figure 15 shows a diagram of overlapping genomic clones for TbPDE2B. The bottom 
scale is based on the nucleotide sequence of the full-length gene and drawn approximately 
to scale. The open reading frames are indicated by ATG and STOP marked on the scale. 
5 A 5 EST # AA063739; W, EST # W84103; IR, Intergenomic Region. Arrows indicate the 
primers used to amplify each clone, as described in Example 1 1, infra. 

Figure 16 shows the complete gene (SEQ ID NO.: 9) and amino acid (SEQ ID NO.: 10) 
sequence of TbPDE2B. Boxed amino acid regions indicate domains identified by sequence 
10 similarity to known domains in other proteins. The asterisk indicates the stop codon. 
Underlined YHN and HDX2HX4N motifs indicate PDE catalytic domain, as described in 
Example 11, infra. 

Figure 17 shows multiple sequence alignment of the TbPDE2B GAP domains (GAF A and 
15 GAF B) to the homologous regions of several other representative PDEs. The part of the total 
GAF domain defined by Hidden Markov Modeling search of the Simple Modular- 
Architecture Research Tool (SMART) database is shown. These include the regions of 
sequence having highest similarity between enzymes. Boxes enclose the regions of highest 
sequence identity within this domain. The putative GAF domain signature motif 
20 N(K/R)XnFX3D(E) is labeled. Arrows indicate other amino acids highly conserved among 
all of these GAF domains. Alignments were initially done using Clustal W and refined based 
on visual alignment of the signature motif. Several additional gaps have been added to 
accommodate apparent additional peptide loops in some of the sequences. Trypan (T. bincei 
PDE), PDE2 (Bos taunts PDE2, M73512), PDES (Homo sapiens PDE5, AF043731), PDE6 
25 (Canis familiaris PDE6 alpha, Y13282), PDE10 (Mus musculus PDE10, AF1 10507), PDE1 1 
(Homo sapiens PDE11A3). Arrows mark highly homologous sequences of unknown 
function. 

Figure 18 shows a graphical representation of pairwise alignments of TbPDE2B catalytic 
30 domain with the catalytic domains of one member of each of the known human Class I PDEs 
as well as Class I PDEs from Dictyostelium, C. elegans and T. bi-ucei PDE2A. Catalytic 

11 
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domains were defined by the PFAM motifs program. The catalytic domain for the "A" gene 
of each of the 1 1 human PDEs was compared to the catalytic domain of TbPDE2B. 

Figure 19 shows Saccharomyces cerevisiae rescue of phenotype, as described in Example 
5 11, infra. The S. cerevisiae heat shock sensitivity of cells lacking endogenous PDEs is 
rescued by a plasmid expressing TbPDE2B. JBS75 (PDE1 PDE2 containing p424), 
JBS67.2 (pdel pde2 containing TbPDE2B on p424), and JBS67.1 (pdel pde2 containing 
p424) were grown 2d at 30 °C on selective plates, replica plated to fresh selective plates 
and held at 55 °C or 30 °C for 1 hour before growing 2d at 30 °C. 

10 

Figure 20 shows the genomic organization of the TbPDE2 gene. Panel A: Restriction 
digests of -genomic DNA hybridized with the cDNA insert of pT2928, representing 
catalytic domain and 3' UTR of TbPDE2A. Restriction enzymes used: lane 1: BamHI; 2: 
Bell; 3: Hindlll; 4: EcoRI, 5: EcoRV; 6: PstI; 7: Sail; 8: Xhol. The enzymes designated 

1 5 by asterisks (BamHI, Hindm, EcoRI, PstI, and Xhol) do not cut within the fragment used 
for hybridization. Panel B: Organization of the 6317 bp genomic EcoRI fragment which 
contains the TbPDE2A locus. n376 - 876: RIME element. Arrows above: 12 bp direct 
repeats. nl770 - 3224: open reading frame of TbPDE2A. n4428: polyA addition site of 
TbPDE2A mRNA. n4693 - 5070: open reading frame of an NHP2/RS6 homologue. 

20 Arrows underneath indicate the direction of transcription. 

Figure 20B shows the structure of the TbPDE2 family members. 

Figure 21 A shows the nucleotide sequence (SEQ ID NO.: 11) of TbPDE2A. 

25 

Figure 2 IB shows the predicted aniino acid sequence (SEQ ID NO.: 12) of TbPDE2A. 
Grey box: GAF domain. Filled squares denote amino acids predicted to be involved in 
cGMP binding. Open box: catalytic domain. Filled circles denote amino acids of the 
catalytic domain which are conserved in at least 12 out of 14 class I PDEs (TbPDE2A, 
30 mammalian PDE 1 (Acc Nr. U40372), PDE2 (U21 101), PDE3(M9]667), PDE4 
(S75213), PDES (NM-00 1083), PDE6 (NM-000283), PDE7 (U6817 1), PDES 

12 
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(AF068247), PDE9 (AF031147), PDEI 0 (A]7-127479), Drosophila dun_ (PI22252), S, 
cerevisiae PDE2 (M14563) and Dictyostelium regA (TJ60170Y Bold underlined amino 
acids (H269 -Y281) represent the phosphodiesterase signature motif. 

5 Figure 22 A shows the nucleotide sequence (SEQ ID NO.: 13) of TbPDE2C. 

Figure 22B shows the predicted amino acid sequence (SEQ ID NO.: 14) of TbPDE2C. 

Figure 23A shows the nucleotide sequence (SEQ ID NO.: 15) of TbPDE2E. 

10 

Figure 23B shows the predicted amino acid sequence (SEQ ID NO.: 16) of TbPDE2E. 

Figure 24 shows comparison of catalytic domains. Graphic representation of the extent of 
sequence identity between the catalytic domains of TbPDE2A (Tb) and the 11 
15 mammalian PDEs (1-11), Saccharomyces cerevisiae PDE2 (Sc), Drosophila 
rnelanogaster dunce (Dm), and Dictyostelium regA (Dd). 

Figure 25 shows heat shock resistance, as described in Example 12, infra. The heat-shock 
sensitive PDE-deletion strain of S. cerevisiae, PP5, was transformed with plasmids 

20 containing a weak promotor (attenuated CYC1; series 1) or a strong promotor (TEF2; 
series 2) and expressing the following constructs: a: N-terminaily truncated TbPDE2A 
containing a C-terminial hemagglutinin tag; b: full-size TbPDE2A, containing a 
C-terminal hemagglutinin tag; c: empty vector; d: full-size TbPDE2A containing a 
C-terminal TY-1 tag. A. control plate without heat shock; B: plate with heat shock. Two 

25 or three independent clones were tested for each construct. 

Figure 26 shows the potency of PDE inhibitors against TbPDE2A. The activity of 
full-size recombinant TbPDE2A was determined in the presence of 100 pM of inhibitor. 
1: no inhibitor (control); 2: etazolate; 3: erythro-9-(2-hydroxy-3-nonyI)adenine (EHNA); 
30 4: trequinsin; 5: rolipram, 6: zardaverine; 7: pentoxifylline- 8: 8-methoxy-IBMX. 9: 

13 
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theophylline; 10: ethaverine; 11: milrinone; 12: papaverine; 13: RO 20-1724; 14: IBMX; 
15: zaprinast; 16: cilostamide; 17: dipyridamole; 18: vinpocetine. 

Figure 27 shows that TbPDE2A is inhibited by inhibitors of different structares and with 
5 specificities for different mammalian PDE families, as described in Example 12, infra. 
Panel A. Dipyridamole; panel B Trequinsin; panel C: Sildenafil; panel D: Ethaverine; 
panel E: example of a dose response curve (dipyridamote). 

Figure 28 shows the cytotoxicity of selected PDE inhibitors for bloodstream form 
10 trypanosomes, as described in Example 12, infra. Representative examples of IC50 
determinations of PDE inhibitors against 427 bloodstream cultures. Cytotoxicity was 
determined after 40 h of cell growth. A: Dipyridamole; B: Trequisine; C: Sildenafil; D: 
Ethaverine. 

15 Figure 29 shows that RNAi inactivation of the TbPDE2 mRNAs reduces the overall PDE 
activity in whole trypanosome lysates. Trypanosomes transfected with the appropriate 
RNAi constructs were incubated in the absence (non-induced) or presence (induced) of 
tetracyclin in the culture medium for 48 and 120 h, respectively. Cell lysates were ' 
prepared, and the overall PDE activity was determined. Activities are given as percentage 

20 of wild-type cell lysates. 

Figure 30 shows a comparison of enzymatic parameters of recombinant TbPDE2A and 
TbPDE2C, as described in Example 13, infra. 

25 Figure 31 shows that inactivation of TbPDE2 by RNAi increases intracellular cAMP. 
Procyclic trypanosomes were transfected with control plasmid (wt), or with RNAi 
constructs directed against the unrelated TbPDEl (PDE1), against the entire TbPDE2 
family (PDE2), against TbPDE2A (PDE2A), against TbPDE2B (PDE2B9 or against 
TbPDE2C (PDE2C). Inactivation of the corresponding mRNAs was induced by the 

30 addition of tetracyclin to the growth medium for 48 h (solid bars) and 120 h (open bars), 
respectively, i: induction of double-stranded RNA with tetracyclin; c: uninduced controls 
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Figure 32 shows the sensitivity of bloodstream trypanosomes to an increase in 
intracellular cAMP. Trypanosomes were incubated in culture medium containing various 
concentrations of the membrane-permeable cAMP analog 8-bromo-cAMP. The extent of 
5 cell proliferation was determined after 70 h of culture. 

Figure 33 shows the nucleotide sequence (SEQ ID NO.: 48) and the amino acid sequence 
(SEQ ID NO.: 49) of a PDE8A variant. 

10 Figure 34 shows the nucleotide sequence (SEQ ID NO.: 50) and the amino acid sequence 
(SEQ ID NO.: 51) of another PDE8A variant. 

Figure 35 shows the nucleotide sequence (SEQ ID NO.: 52) and the amino acid sequence 
(SEQ ID NO.: 53) of a PDE7A3 variant. 

15 

DETAILED DESCRIPTION OF THE INVENTION 
DEFINITIONS 

20 As used in this application, the following words or phrases have the meanings specified. 

As used herein, the term "novel PDEs" means any of PDE8A, PDE7A3, TbPDE2A, 
TbPDE2B, TbPDE2C or TbPDE2E. 

25 As used herein, the term "PDE8", refers to the family of amino acid sequences of 
substantially purified PDE8 obtained from any species, particularly mammalian, 
including bovine, ovine, porcine, murine, equine, and preferably human, from any source 
whether natural, synthetic, semi-synthetic, or recombinant. Examples are shown in 
Figures la, 33, and 34. PDES encompasses variants or mutants (involving changes such 

30 as amino acid substitutions, insertions, deletions, conservative amino acid changes, 
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polymorphic changes, allelic changes, alternative splicing, frame shi^ changes, or 
truncations) of the sequence of Figures la, 33, and 34. 

As used herein, the term "PDE7A3", refers to an alternatively spliced form of PDE7A. 
5 Substantially purified PDE7A3 can be obtained from any species, particularly 
mammalian, including bovine, ovine, porcine, murine, equine, and preferably human. 
PDE7A3 can be from any source whether natural, synthetic, semi-synthetic, or 
recombinant. Examples are shown in Figures 8b and 35. PDE7A3 encompasses variants 
or mutants (involving changes such as amino acid substitutions, insertions, deletions, 
10 conservative amino acid changes, polymorphic changes, allelic changes, alternative 
splicing, frame shift changes, or truncations) of Figures 8b and 35. 

As used herein, the term "TbPDE2", refers to a family of amino acids sequences of 
substantially purified PDE2 from a protozoan species, e.g., T. brucei. The TbPDE2 can 

15 be natural, synthetic, semi-synthetic, or recombinant. Examples of TbPDE2 include but 
are not limited to TbPDE2A (Figure 21B), TbPDE2B (Figure 16), TbPDE2C (Figure 
22b) and TbPDE2E (Figure 23B). TbPDE2 encompasses variants or mutants (involving 
changes such as amino acid substitutions, insertions, deletions, conservative amino acid 
changes, polymorphic changes, allelic changes, alternative splicing, frame shift changes, 

20 or truncations) of any of Figures 2 1 B, 1 6, 22b, or 23B . 

The terms "isolated" or "purified" as used herein mean a specific nucleic acid or 
polypeptide, or a fragment thereof, in which contaminants (i.e. substances that differ from 
the specific nucleic acid or polypeptide molecule) have been separated or substantially 
25 separated from the specific nucleic acid or polypeptide. 

As used herein, a first nucleotide or amino acid sequence is said to have sequence 
"identity" to a second reference nucleotide or amino acid sequence, respectively, when a 
comparison of the first and the second sequences are exactly alike. 

30 
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As used herein, a first nucleotide . amino acid sequence is said to be "similar" to a 
second reference sequence when both the first and second sequences are nearly identical, 
but have a low level of sequence differences. For example, two sequences are considered 
to be similar to each other when the percentage of nucleotides or amino acids that differ 
5 between the two sequences is between about 60% to 99.99%. 

The term "fragment" of a PDE8-, PDE7A3-, or TbPDE2A/2B/2C/2E- encoding nucleic 
acid molecule refers to a portion of a nucleotide sequence which encodes a polypeptide 
having the biological activity of a PDE8, PDE7A3 or TbPDE2A/2B/2C/2E protein, e.g., 
10 the ability to hydrolyze cAMP (as determined by methods known in the art (Schilling, 
A.L. et al., (1994) Anal Biochem. 216: 154-158). 

The term "fragment" of a PDE8, PDE7A3, or TbPDE2A/2B/2C/2E polypeptide molecule 
refers to a portion of a polypeptide having the biological activity of a PDE8, PDE7A3 or 
15 TbPDE2A/2B/2C/2E polypeptide, e.g., ability to hydrolyze cAMP (as determined by 
methods known in the art (Schilling, A.L. et al., (1994) Anal Biochem. 216: 1 54-1 58). 

As used herein, the term "amino acid sequence", refers to amino acids encoding an 
oligopeptide, peptide, polypeptide, or protein sequence, and fragments thereof, and 
20 includes naturally occurring or synthetic molecules. 

As used herein, "amplification," refers to the production of additional copies of a nucleic 
acid sequence and is generally carried out using polymerase chain reaction (PCR) 
technologies well known in the art (Dieffenbach, C. W. and G. S. Dveksler (1995) PCR 
25 Primer, a Laboratory Manual, Cold Spring Harbor Press, Plainview, N. Y.). 

As used herein, the term "antagonist," or "inhibitor," refers to a molecule which, when 
bound to a novel PDE (such as PDE8, PDE7A3, or TbPDE2A/2B/2C/2E), decreases the 
amount (expression) or the duration of the effect of the biological or immunological 
30 activity of the novel PDE. Antagonists may include proteins, nucleic acids, 
carbohydrates, antibodies or any other molecules which decrease the amount (expression) 
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or effect of novel PDEs present in the sample. The preferred antagonist will selectively 
inhibit the biological activity of a novel PDE, not affecting any other cellular proteins. 

As used herein, an agent is said to agonize or enhance novel PDE (e.g., PDE8, PDE7A3 
5 or TbPDE2A/2B/2C/2E) activity when the agent increases the biological activity of a 
novel PDE protein of the invention. The preferred agonist will selectively enhance the 
biological activity of novel PDEs. 

As used herein, the term "antibody," refers to intact molecules as well as fragments 
10 thereof, such as Fab, F(ab')2 and Fv fragments, which are capable of binding an epitopic 
determinant on an antigen (e.g., an epitopic determinant(s) on a novel PDE). The 
antibody can be "polyclonal," "monoclonal," "humanized," or human. 

The term "humanized antibody," as used herein, refers to antibody molecules in which 
15 amino acids have been replaced in the non-antigen binding regions in order to more 
closely resemble a human antibody, while still retaining the original binding ability. 

As used herein, the term "antigenic determinant," refers to that fragment of a molecule 
(i.e., an epitope) that makes contact with a particular antibody. When a protein or 
20 fragment of a protein is used to immunize a host animal, numerous regions of the protein 
may induce the production of antibodies which bind specifically to a given region or 
three-dimensional structure on the protein; these regions or structures are referred to as 
antigenic determinants. An antigenic determinant may compete with the intact antigen 
(i.e., the immunogen used to elicit the immune response) for binding to an antibody. 

25 

As used herein, the term "biologically active", refers to a protein having structural, 
regulatory, or biochemical functions of a naturally occurring molecule. Likewise, 
"immunologically active" refers to the capability of the natural, recombinant, or synthetic 
novel PDEs of the invention (e.g., PDE8A, PDE7A3 or TbPDE2A/2B/2C/2E), or any 
30 oligopeptide thereof, to induce a specific immune response in appropriate animals or cells 
and to bind with specific antibodies. 
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As used herein, the term "nucleic acid sequence," refers to an oligonucleotide, nucleotide, 
or polynucleotide, and fragments thereof, and to DNA or RNA of genomic or synthetic 
origin which may be single- or double-stranded, and represents the sense or antisense 
5 strand. 

The term "complementary" as used herein refers to nucleic acid molecules having purine 
and pyrimidine nucleotides which have the capacity to associate through hydrogen 
bonding to form double stranded nucleic acid molecules. The following base pairs are 

10 related by complementarity: guanine and cytosine; adenine and thymine; and adenine and 
uracil. Complementary applies to all base pairs comprising two single-stranded nucleic 
acid molecules, or to all base pairs comprising a single-stranded nucleic acid molecule 
folded upon itself. Complementarity between two single-stranded molecules may be 
"partial", in which only some of the nucleic acids bind, or it may be complete when total 

15 complementarity exists between the single stranded molecules. The degree of 
complementarity between nucleic acid strands has significant effects on the efficiency 
and strength of hybridization between nucleic acid strands. 



As used herein, the term "hybridization," refers to any process by which a strand of 
20 nucleic acid binds with a complementary strand through base pairing. 

As used herein, the term "stringent conditions," refers to conditions which permit 
hybridization between polynucleotide sequences and the claimed polynucleotide 
sequences. Suitably stringent conditions can be defined by, for example, the 
25 concentrations of salt and/or formamide in the prehybridization and hybridization 
solutions, or by the hybridization temperature, and are well known in the art. In 
particular, stringency can be increased by reducing the concentration of salt, increasing 
the concentration of formamide, or raising the hybridization temperature. 

30 As used herein, the term "antisense," refers to any composition containing nucleotide 
sequences which are complementary to a specific DNA or RNA sequence. The term 
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"antisense strand" is used in reference :o a nucleic acid strand that is complementary to 
the "sense" strand. Antisense molecules include nucleic acids and may be produced by 
any method including synthesis or transcription. Once introduced into a cell, the 
complementary nucleotides combine with natural sequences produced by the cell to form 
5 duplexes and block either transcription or translation of the sequences. 

As used herein, the term "modulates," refers to a change in the activity of novel PDEs 
(e.g., PDES, PDE7A3 or TbPDE2A/2B/2C/2E). For example, modulation may cause an 
increase or a decrease in protein amount or activity, binding characteristics, or any other 
1 0 biological, functional or immunological properties of novel PDEs of the invention. 

As used herein, the term "biological sample," is used in its broadest sense. A biological 
sample is suspected of containing nucleic acid encoding novel PDEs (e.g., PDE8A, 
PDE7A3 or TbPDE2A/2B/2C/2E), or fragments thereof, or a novel PDE (e.g., PDE8, 

15 PDE7A3 or TbPDE2A/2B/2C/2E) protein itself or fragments thereof. The suitable 
biological sample can be from an animal or a human. The sample can be a cell sample or 
a tissue sample, including samples from spleen, lymph node, thymus, bone marrow, liver, 
heart, testis, brain, placenta, lung, skeletal muscle, kidney and pancreas. The sample can 
be a biological fluid, including, urine, blood sera, blood plasma, phlegm, or lavage fluid. 

20 Alternatively, the sample can be a swab from the nose, ear or throat. 

As used herein, the term "PAS/PAC domain," refers to a region in the N-terminal domain 
of PDEs that has homology to the PAS/PAC domain found in many signal transduction 
proteins. The function of this domain is unknown, but it may be involved in 
25 protein/protein binding or binding to a small molecule. 

As used herein, the term "GAF domain," refers to a highly conserved domain that binds 
small molecular weight ligands. The GAF domain of some PDEs is known to bind 
cGMP. 

30 

20 



:SOOCID: <WO 0222661A2_I_> 



WO 02/22661 PCT/US01/28503 



The terms "specific binding," as used herein, refers to that interaction between a protein 
or peptide and an agonist, an antibody, or an antagonist. The interaction is dependent 
upon the presence of a particular structure (i.e., the antigenic determinant or epitope) of 
the protein recognized by the binding molecule. 

5 

The term U T cell activation," as used herein refers to a process by which T cells change 
from a resting state to one where they are proliferating and producing interleukins. In 
vivo, T cell activation occurs when an antigen-presenting cell (APC) binds to the T cell 
via the T cell receptor/CD3 complex and another costimulatory molecule, such as CD28. 

10 In vitro, T cell induction can be induced by binding anti-mouse antibodies beads to a 
plate. When antibodies to murine anti-CD3 and anti-CD28 antibodies are added to the 
plate, they bind to the anti-mouse antibodies by their Fc regions. This leaves the Fab 
region free to bind CD3 and CD28 receptors on T cells. When T cells are added to the 
plate, they bind to the antibodies attached to the bottom of the plate and become 

15 activated, resulting in T cell proliferation and production of interleukins. The plate with 
attached antibodies approximates an APC which has receptors that bind to CD3 and 
CD28. 

The term "upregulation " refers to the fact that in resting T cells, there is no detectable 
20 PDE8A or PDE7A3 protein or mRNA present. After induction of T cells with CD3 and 
CD28 antibodies, a time dependent increase in PDE8A or PDE7A3 mRNA and protein is 
seen, which reaches a maximum level at about 8 hours after stimulation. 

MOLECULES OF THE INVENTION 

25 

In its various aspects, as described in detail below, the present invention provides 
proteins, peptides, antibodies, nucleic acid molecules, recombinant DNA molecules, 
transformed host cells, methods for making the compositions of the invention, screening 
and diagnostic assays, therapeutic methods, transgenic animals, immunological and 
30 nucleic acid-based pharmaceutical or therapeutic assays, and compositions, all involving a 
novel PDEs or nucleic acids encoding them. 
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For the sake of convenience, the nucleotide sequences of novel PDEs (e.g., PDE8A, 
PDE7A3, TbPDE2A, TbPDE2B, TbPDE2C, and TbPDE2E) will be collectively referred to 
as "novel PDE nucleotides". Additionally, the proteins encoded by the novel PDE 
5 nucleotide sequences will be collectively referred to as "novel PDE proteins" and will 
include any or all of PDE8A, PDE7A3, and TbPDE2A/2B/2C/2E. 

Nucleic Acid Molecules Of This Invention 

10 The present invention discloses the discovery of nucleic acid molecules herein termed as 
"novel PDEs" or "novel PDE nucleotide" sequences, that encode novel PDE proteins and 
polypeptides. In one embodiment, the invention provides polynucleotide sequences (e.g., 
Figures la, 33 and 34) encoding PDE8A proteins. For example, the nucleic acid of PDE8 
encodes the amino acid sequence beginning with methionine at amino acid position 1 and 

15 ending with glutamic acid at amino acid position 829 of any of Figures la, 33, or A- 
specific embodiment of the nucleic acids of PDE8 is shown at Figure la beginning at 
adenine at position 137 and ending with adenine at 2623. 

In another embodiment, the invention provides polynucleotide sequence encoding a 
20 splice variant of PDE7, designated herein as PDE7A3 (Figure 8 A). For example, the 
nucleic acid of PDE7A3 encodes the amino acid sequence beginning with methionine at 
amino acid position 1 and ending with glycine at amino acid position 424 of any of 
Figures 8b or 35. A specific embodiment of the nucleic acids of PDE7A3 is shown at 
Figure 8b beginning at adenine at position 1 and ending with thymine at 12. 

25 

In another embodiment, the invention provides novel PDEs from T. brucei, designated 
herein as TbPDE2A, TbPDE2B, TbPDE2C, and TbPDE2E (TbPDE2A/2B/2C/2E). For 
example, the nucleic acid of TbPDE2A encodes the amino acid sequence set forth in 
Figure 21b beginning with methionine at amino acid position 1 and ending with serine at 
30 amino acid position 485; the nucleic acid of TbPDE2B encodes the amino acid sequence 
set forth in Figure 16 beginning with methionine at amino acid position 1 and ending 
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with arginine at amino acid position 930; the nucleic acid of TbPDE2C encodes the 
amino acid sequence set forth in Figure 22B beginning with methionine at amino acid 
position 1 and ending with arginine at amino acid position 930; the nucleic acid of 
TbPDE2E encodes the amino acid sequence set forth in Figure 23B beginning with 
5 methionine at amino acid position 1 and ending with arginine at amino acid position 367. 
A specific embodiment of the nucleic acids of TbPDE2A is shown in Figure 21a 
beginning at adenine at position 1 and ending with thymine at 1455. A specific 
embodiment of the nucleic acids of TbPDE2B is shown at Figure 16 beginning at adenine 
at position 1 and ending with thymine at 2790. A specific embodiment of the nucleic 
acids of TbPDE2C is shown at Figure 22a beginning at adenine at position 1 and ending 
with thymine at 2790. A specific embodiment of the nucleic acids of TbPDE2E is shown 
in Figure 23a beginning at adenine at position 1 and ending with thymine at 1 101 . 

The present invention further provides novel purified and isolated polynucleotides (DNA 
sequences and fragments thereof, preferably in isolated form, including DNA, RNA 
transcripts, both sense and complementary antisense strands, encoding novel PDE protein 
molecules (e.g., PDE8A, PDE7A3, and TbPDE2A/2B/2C/2E), DNA/RNA hybrids, and 
related molecules. Particularly preferred nucleic acid molecules will have nucleotide 
sequence substantially identical to or complementary to novel PDE nucleotide sequences 
herein disclosed. Specifically contemplated are genomic, cDNA, ribozymes, and 
antisense molecules, as well as nucleic acids based on alternative backbone or including 
alternative bases, whether derived from natural sources or wholly or partially 
synthesized. "Wholly" synthesized DNA means that the DNA is produced entirely by 
chemical means, and "partially" synthesized means that only portions of the resulting 
DNA were produced by chemical synthesis. Antisense molecules can be RNAs or other 
molecules, including peptide nucleic acids (PNAs) or non-nucleic acid molecules such as 
phosphorothioate derivatives that specifically bind DNA or RNA in a base-pair 
dependent manner. A skilled artisan can readily obtain these classes of nucleic acid 
molecules using the herein described sequences. 



23 



022266 1A2 J _> 



WO 02/22661 PCT/US01/28503 



The nucleic acid molecules of the present invention comprise nucleic acid sequences 
corresponding to differentially spliced transcripts of novel PDEs. In general, a 
differentially-spliced transcript is a mature RNA transcript that is generated in a cell by the 
following steps: (1) the cell transcribes precursor RNA transcripts from an intron-containing 
5 gene, where the precursor RNA transcripts include all the intron sequences; (2) the cell 
splices out different introns from different precursor transcripts, resulting in a heterogeneous 
population of mature RNA transcripts each having different introns; (3) the cell translates 
some or all of the differentially-spliced transcripts to generate a heterogeneous population of 
proteins which are encoded by the same intron-containing gene sequence. Thus, a cell may 
10 produce a heterogeneous population of novel PDE RNA transcripts that are related to each 
other as a result of differential splicing of a common precursor transcript. Furthermore, the 
novel PDE proteins that are translated from the differentially spliced transcripts may have 
different biological activities. 

15 The present invention further provides nucleotide sequences that selectively hybridize to 
novel PDE nucleotide sequences (shown in Figures 1, 8A, 16, 21A, 22A, and 23A) under 
high stringency hybridization conditions. Typically, hybridization under standard high 
stringency conditions will occur between two complementary nucleic acid molecules that 
differ in sequence complementarity by about 70% to about 100%. It is readily apparent to 

20 one skilled in the art that the high stringency hybridization between nucleic acid 
molecules depends upon, for example, the degree of identity, the stringency of 
hybridization, and the length of hybridizing strands. The methods and formulas for 
conducting high stringency hybridizations are well known in the art, and can be found in, for 
example, Sambrook, et al., Molecular Cloning (1989). 

25 

In general, stringent hybridization conditions are those that: (1) employ low ionic strength 
and high temperature for washing, for example, 0.015MNaCl/0.0015M sodium citrate/0.1% 
SDS at 50° C; or (2) employ during hybridization a denaturing agent such as formamide, for 
example, 50% (vol/vol) formamide with 0.1% bovine serum albumin/0.1% Ficoll/0.1% 
30 polyvinylpyrrolidone/50 mM sodium phosphate buffer at pH 6.5 with 750 mM NaCl, 75 
mM sodium citrate at 42° C. 
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Another example of stringent conditions is the use of 50% formamide, 5 x SSC (0.75M 
NaCl, 0.075 M sodium citrate), 50 raM sodium phosphate (pH 6.8), 0.1% sodium 
pyrophosphate, 5 x Denhardt's solution, sonicated salmon sperm DNA (50 mg/ml), 0.1% 
5 SDS, and 1 0% dextran sulfate at 42° C, with washes at 42° C in 0.2 x SSC and 0.1% SDS. 
A skilled artisan can readily determine and vary the stringency conditions appropriately to 
obtain a clear and detectable hybridization signal. 

The present invention contemplates alternative allelic forms of novel PDE nucleotide 
10 sequences that are isolated from different subjects of the same species. Typically, 
isolated allelic forms of naturally-occurring gene sequences include wild-type and mutant 
alleles. A wild-type novel PDE gene sequence will encode a novel PDE protein having 
normal PDE biological activity, such as, for example, a phosphodiesterase function or an 
immune function. A mutant of novel PDE gene sequence may encode a PDE protein 
15 having an activity not found normally in novel PDE proteins, such as, for example, not 
functioning as a phosphodiesterase. Alternatively, a mutant of a novel PDE gene 
sequence may encode a PDE protein having normal activity. Accordingly, the present 
invention provides wild-type and mutant allelic forms of novel PDE sequences. 

20 The present invention further contemplates polymorphic forms of novel PDE nucleotide 
sequences. Typically, isolated polymorphic forms of naturally-occurring gene sequences 
are isolated from different subjects of the same species. The polymorphic forms include 
sequences having one or more nucleotide substitutions that may or may not result in 
changes in the amino acid codon sequence. These substitutions may result in a wild-type 

25 novel PDE gene that encodes a protein having the biological activity of wild-type novel 
PDE proteins, or encodes a mutant polymorphic form of the novel PDE protein having a 
different or null activity. 

The present invention provides isolated codon-usage variants that differ from the 
30 disclosed novel PDE nucleotide sequences, yet do not alter the predicted novel PDE 
polypeptide sequence or biological activity. The codon-usage variants may be generated 
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by recombinant DNA technology. Codons may be selected , to optimize the level of 
production of the novel PDE transcript or novel PDE polypeptide in a particular 
prokaryotic or eukaryotic expression host, in accordance with the frequency of codon 
utilized by the host cell. Alternative reasons for altering the nucleotide sequence 
5 encoding a novel PDE polypeptide include the production of RNA transcripts having 
more desirable properties, such as an extended half-life or increased stability. 



Amino Acid Symbol One Letter Codons 



Symbol 


Alanine 


Ala 


A 


GCU, GCC, GCA, GCG 


Cysteine 


Cys 


C 


UGU, UGC 


Aspartic Acid 


Asp 


D 


GAU, GAC 


Glutamic Acid 


Glu 


E 


GAA, GAG 


Phenylalanine 


Phe 


F 


UUU, UUC 


Glycine 


Gly 


G 


GGU, GGC, GGA, GGG 


Histidine 


His 


H 


CAU, CAC 


Isoleucine 


He 


I 


AUU, AUC, AUA 


Lysine 


Lys 


K 


AAA, AAG 


Leucine 


Leu 


L 


UUA, UUG, CUU, CUC, CUA, CUG 


Methionine 


Met 


M 


AUG 


Asparagine 


Asn 


N 


AAU, AAC 


Proline 


Pro 


P 


CCU, CCC, CCA, CCG 


Glutamine 


Gin 


Q 


CAA, CAG 


Arginine 


Arg 


R 


CGU, CGC, CGA, CGG, AGA, AGG 


Serine 


Ser 


S 


UCU, UCC, UCA, UCG, AGU, AGC 


Threonine 


Thr 


T 


ACU, ACQ ACA, ACG 


Valine 


Val 


V 


GUU, GUC, GUA, GUG 


Tryptophan 


Trp 


W 


UGG 


Tyrosine 


Tyr 


Y 


UAU, UAC 
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The present invention provides nucleic acid molecules that encode novel PDE proteins. 
In particular, the RNA molecules of the invention may be isolated full-length or partial 
mRNA molecules or RNA oligomers that encode the novel PDE proteins. 

The nucleic acid molecules of the invention also include derivative nucleic acid 
molecules which differ from DNA or RNA molecules, and anti-sense molecules. 
Derivative molecules include peptide nucleic acids (PNAs), and non-nucleic acid 
molecules including phosphorothioate, phosphotriester, phosphoramidate, and 
methylphosphonate molecules, that bind to single-stranded DNA or RNA in a base pair- 
dependent manner (Zamecnik, P. C, et ah, (1978) Proc. Natl Acad. Sci. 75:280284; 
Goodchild, P. C, et al., (1986) Proc, Natl Acad. Sci. 83:4143-4146). Peptide nucleic 
acid molecules comprise a nucleic acid oligomer to which an amino acid residue, such as 
lysine, and an amino group have been added. These small molecules, also designated 
anti-gene agents, stop transcript elongation by binding to their complementary (template) 
strand of nucleic acid (Nielsen, P. E., et al., (1993) Anticancer Drug Des 8:53-63). 
Reviews of methods for synthesis of DNA, RNA, and their analogues can be found in: 
Oligonucleotides and Analogues, eds. F. Eckstein, (1991) IRL Press, New York; 
Oligonucleotide Synthesis, ed. M. J. Gait, 1984, IRL Press, Oxford, England. 
Additionally, methods for antisense RNA technology are described in U.S. patent Nos. 
5,194,428 and 5,1 10,802. A skilled artisan can readily obtain these classes of nucleic acid 
molecules using the herein described PDE8 polynucleotide sequences, see for example 
Innovative and Perspectives in Solid Phase Synthesis (1992) Egholm, et al. pp 325-328 or 
U. S. Patent No. 5,539,082. 

Embodiments of the novel PDE nucleic acid molecules of the invention include DNA and 
RNA primers, which allow the specific amplification of novel PDE sequences, or of any 
specific parts thereof, and probes that selectively or specifically hybridize to novel PDE 
sequences or to any part thereof. The nucleic acid probes can be labeled with a 
detectable marker. Examples of a detectable marker include, but are not limited to, a 
radioisotope, a fluorescent compound, a bioluminescent compound, a chemiluminescent 
compound, a metal chelator or an enzyme. Technologies for generating labeled DNA and 
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RNA probes are well known, see, for example, Sambrook et al., in Mouular Cloning 
(1989). 

Recombinant Nucleic Acid Molecules Encoding Novel PDEs 

5 

Also provided in this invention are recombinant nucleic acid molecules, such as 
recombinant DNA molecules (rDNAs) that contain nucleotide sequences encoding a 
novel PDE polypeptide (e.g., PDE8A, PDE6A3, TbPDE2A/2B/2C/2E) of the invention, 
or fragments thereof. As used herein, a rDNA molecule is a DNA molecule that has been 
10 subjected to molecular manipulation in vitro. Methods for generating rDNA molecules 
are well known in the art, for example, see Sambrook et al., Molecular Cloning (1989), 
supra. In the preferred . rDNA molecules of the present invention, the sequences that 
encode a novel PDE protein or fragments thereof, are operably linked to one or more 
expression control sequences and/or vector sequences. 

15 

Vectors Comprising Novel PDEs 

The nucleic acid molecules of this invention may be recombinant molecules, each 
comprising the sequence, or portion thereof, of novel PDE nucleotide sequence linked to 
20 a non-PDE sequence. For example, the novel PDE sequence may be linked operatively to 
a vector to generate a recombinant molecule. 

The term vector includes, but is not limited to, plasmids, cosmids, and phagemids. A 
preferred vector for expression will be an autonomously replicating vector comprising a 
25 replicon that directs the replication of the rDNA within the appropriate host cell. 
Alternatively, the preferred vector directs integration of the recombinant vector into a 
host cell. Various viral vectors may also be used, such as for example, a number of well- 
known retroviral, adenoviral, and adeno-associoated viral (AAV) vectors (Berkner 1988, 
Biotechniques 6:616-629). 

30 
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The preferred vectors permit ex~ ssion of novel PDEs transcript or polypeptide 
sequences in prokaryotic or eukaryotic host cells. The preferred vectors include 
expression vectors, comprising an expression control element, such as a promoter 
sequence, which enables transcription of the inserted sequences and can be used for 
5 regulating the expression (e.g., transcription and/or translation) of an operably linked 
sequence in an appropriate host cell such as Escherichia coll Expression control 
elements are known in the art and include, but are not limited to, inducible promoters, 
constitutive promoters, secretion signals, enhancers, transcription terminators, and other 
transcriptional regulatory elements. Other expression control elements that are involved 
10 in translation are known in the art, and include the Shine-Dalgarno sequence, and 
initiation and termination codons. 

Specific initiation signals may also be required for efficient translation of novel PDEs 
sequences. These signals include the ATG-initiation codon and adjacent sequences. In 

15 cases where the novel PDEs initiation codon and upstream sequences are inserted into the 
appropriate expression vector, no additional translation control signals may be needed. 
However, in cases where only the coding sequence, or a portion thereof, is inserted, 
exogenous transcriptional control signals including the ATG-initiation codon must be 
provided. Furthermore, the initiation codon must be in correct reading frame to ensure 

20 transcription of the entire insert. Exogenous transcriptional elements and initiation 
codons can be of various origins, both natural and synthetic. The efficiency of expression 
may be enhanced by the inclusion of enhancers appropriate to the cell system in use 
(Scharf, D., et al, 1994 Results Probl Cell Differ. 20:125-62; Bittner, et al., 1987 
Methods in Enzymol 153:516-544). 

25 

The preferred vectors for expression of the novel PDE nucleotide sequences in eukaryotic 
host cells include expression control elements, such as the baculovirus polyhedrin 
promoter for expression in insect cells. Other expression control elements include 
promoters or enhancers derived from the genomes of plant cells (e. g., heat shock, 
30 RUBISCO, storage protein genes), viral promoters or leader sequences or from plant 
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viruses, and promoters or enhancers from the mammalian genes or from mammalian 
viruses. 

The preferred vector includes at least one selectable marker gene that encodes a gene 
5 product that confers drug resistance such as resistance to ampicillin or tetracyline. The 
vector also comprises multiple endonuclease restriction sites that enable convenient 
insertion of exogenous DNA sequences. Methods for generating a recombinant 
expression vector encoding the novel PDE proteins of the invention are well known in the 
art, and are described in Maniatis, T., et al., (1989 Molecular Cloning, A Laboratory 
10 Manual Cold Spring Harbor Laboratory, Cold Spring Harbor, NY) and Ausubel et al. 
(1989 Current Protocols in Molecular Biology, John Wiley & Sons, New York N.Y.). 

The preferred vectors for generating novel PDE transcripts and/or the encoded novel 
PDEs polypeptides are expression vectors which are compatible with prokaryotic host 
15 cells. Prokaryotic cell expression vectors are well known in the art and are available 
from several commercial sources. For example, pET vectors (e.g., pET-21, Novagen 
Corp.), pQE vectors (Qiagen, Chatsworth, CA), BLUESCRIPT phagemid (Stratagene, 
LaJolla, CA), pSPORT (Gibco BRL), or ptrp-lac hybrids may be used to express novel 
PDEs polypeptides in bacterial host cells. 

20 

Alternatively, the preferred expression vectors for generating novel PDE transcripts 
and/or the encoded PDE polypeptides are expression vectors which are compatible with 
eukaryotic host cells. The most preferred vectors are those compatible with vertebrate 
cells. Eukaryotic cell expression vectors are well known in the art and are available 
25 from several commercial sources. Typically, such vectors are provided containing 
convenient restriction sites for insertion of the desired DNA segment. Typical of such 
vectors are PSVL and pKSV-10 (Pharmacia), pBPV-l/pML2d (International 
Biotechnologies, Inc.), pTDTl (ATCC, #31255), and similar eukaryotic expression 
vectors. 

30 
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Host- Vector Systems Comprising Novel PDEs 

The invention further provides a host-vector system comprising a vector, plasmid, 
phagemid, or cosmid comprising a novel PDE nucleotide sequence, or a fragment 
5 thereof, introduced into a suitable host cell. A variety of expression vector/host systems 
may be utilized to carry and express novel PDE sequences. The host-vector system can 
be used to express (e.g., produce) the novel PDE polypeptides encoded by novel PDE 
nucleotide sequences. The host cell can be either prokaryotic or eukaryotic. Examples of 
suitable prokaryotic host cells include bacteria strains from genera such as Escherichia, 

10 Bacillus, Pseudomonas, Streptococcus, and Streptomyces. Examples of suitable 
eukaryotic host cells include yeast cells, plant cells, or animal cells such as mammalian 
cells and insect cells. A preferred embodiment provides a host-vector system comprising 
the pcDNA3 vector (Invitrogen, Carlsbad, CA) in COS7 mammalian cells, pGEX vector 
(Promega, Madison, WI) in bacterial cells, or pFastBac HT baculovirus vector 

1 5 (Gibco/BRL) in Sf9 insect cells (ATCC, Manassas, VA). 

Introduction of the recombinant DNA molecules of the present invention into an 
appropriate host cell is accomplished by well-known methods that depend on the type of 
vector used and host system employed. For example, prokaryotic host cells are 

20 introduced (e.g., transformed) with nucleic acid molecules by electroporation or salt 
treatment methods, see, for example, Cohen et al., (1972) Proc Natl Acad Sci USA 
69:2110; Maniatis, T., et al., (1989) Molecular Cloning, A Laboratory Manual, Cold 
Spring Harbor Laboratory, Cold Spring Harbor, NY. Vertebrate cells are transformed 
with vectors containing recombinant DNAs by various methods, including 

25 electroporation, cationic lipid or salt treatment (Graham et al, (1973) Virol 52:456; 
Wigleretal, (1979) Proc Natl Acad Sci USA 76:1373-76). 

Successfully transformed cells, i.e., cells that contain a rDNA molecule of the present 
invention, can be identified by techniques well known in the art. For example, cells 
30 resulting from the introduction of recombinant DNA of the present invention are selected 
and cloned to produce single colonies. Cells from those colonies are harvested, lysed and 
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their DNA content examined for the presence of the rDNA using a method such as that 
described by Southern, J Mol Biol (1975) 98:503, or Berent et al., Biotech (1985) 3:208, 
or the proteins produced from the cell are assayed via a biochemical assay or 
immunological method. 

5 

In bacterial systems, a number of expression vectors may be selected depending upon the 
use intended for the novel PDE proteins. For example, when large quantities of novel 
PDE proteins are needed for the induction of antibodies, vectors that direct high level 
expression of fusion proteins that are soluble and readily purified may be desirable. Such 

10 vectors include, but are not limited to, the multifunctional E. coli cloning and expression 
vectors such as BLUESCRIPT (Stratagene, San Diego, CA), in which the novel PDE 
nucleotide sequence may be ligated into the vector in-frame with sequences for the 
amino-terminal Met and the subsequent 7 residues of 6-galactosidase so that a hybrid 
protein is produced; pIN vectors (Van Heeke & Schuster (1989) J Biol Chem 264:5503- 

15 5509); and the like. The pGEX vectors (Promega, Madison, WL) may also be used to 
express novel PDE proteins as fusion proteins with glutathione S-transferase (GST). In 
general, such fusion proteins are soluble and can easily be purified from lysed cells by 
adsorption to glutathione-agarose beads followed by elution in the presence of free 
glutathione. Proteins made in such systems are designed to include heparin, thrombin or 

20 factor XA protease cleavage sites so that the cloned protein of interest can be released 
from the GST moiety at will. 

In yeast, Saccharomyces cerevisiae, a number of vectors containing constitutive or 
inducible promoters such as beta-factor, alcohol oxidase and PGH may be used. For 
25 reviews, see Ausubel et al (supra) and Grant et al (1987) Methods in Enzymology 
153:516-544. 

In cases where plant expression vectors are used, the expression of a sequence encoding a 
novel PDE protein is driven by any of a number of promoters. For example, viral 
30 promoters such as the 35S and 19S promoters of CaMV (Brisson, et al., (1984) Nature 
310:51 1-514) may be used alone or in combination with the omega leader sequence from 
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TMV (Takamatsu, et al., (1987) EMBO J 6:307-311). Alternatively, plant promoters 
such as the small subunit of RUBISCO (Coruzzi et al (1984) EMBO J 3:1671-1680; 
Broglie et al (1984) Science 224:838-843); or heat shock promoters (Winter J and 
Sinibaldi R M (1991) Results Probl Cell Differ 17:85-105) are used. These constructs can 
be introduced into plant cells by direct DNA transformation or pathogen-mediated 
transfection. For reviews of such techniques, see Hobbs, S. in: McGraw Yearbook of 
Science and Technology (1992) McGraw Hill New York N.Y., pp 191-196; or 
Weissbach and Weissbach (1988) in: Methods for Plant Molecular Biology, Academic 
Press, New York N.Y., pp 421-463. 

An alternative expression system that can be used to express a novel PDE proteins is an 
insect system. In one such system, Autographa californica nuclear polyhedrosis virus 
(AcNPV) is used as a vector to express foreign genes in Spodoptera frugiperda cells or in 
Trichoplusia larvae (Smith et al (1983) J Virol 46:584; Engelhard E. K., et al, 1994 Proc 
Nat Acad Sci 91:3224-7). The sequence encoding a novel PDE protein is cloned into a 
nonessential region of the virus, such as the polyhedrin gene, and placed under control of 
the polyhedrin promoter. Successful insertion of a novel PDE nucleotide sequence will 
render the polyhedrin gene inactive and produce recombinant virus lacking coat protein. 
The recombinant viruses are then used to infect S. frugiperda cells or Trichoplusia larvae 
in which a novel PDE protein is expressed. 

In mammalian host cells, a number of viral-based expression systems are utilized. In 
cases where an adenovirus is used as an expression vector, a novel PDE nucleotide 
sequence is ligated into an adenovirus transcription/translation vector consisting of the 
late promoter and tripartite leader sequence. Insertion in a nonessential El or E3 region 
of the viral genome results in a viable virus (Logan and Shenk 1984 Proc Natl Acad Sci 
81:3655-59) capable of expressing a novel PDE protein in infected host cells. In addition, 
transcription enhancers, such as the rous sarcoma virus (RSV) enhancer, are used to 
increase expression in mammalian host cells. 
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A host cell strain may also be chosen for its ability to modulate the expression of the 
inserted novel PDE nucleotide sequences or to process the expressed novel PDE protein 
in the desired fashion. Such modifications of the novel PDE protein include, but are not 
limited to, acetylation, carboxylation, glycosylation, phosphorylation, lipidation and 
5 acylation. Post-translational processing which cleaves a precursor form of the protein 
(e.g., a prepro protein) may also be important for correct insertion, folding and/or 
function. Different host cells such as CHO, HeLa, MDCK, 293, WI38, etc. have specific 
cellular machinery and characteristic mechanisms for such post-translational activities 
and may be chosen to ensure the correct modification and processing of the introduced, 
10 foreign protein. 

For long-term, high-yield production of recombinant proteins, stable expression is 
preferred. For example, cell lines that stably express novel PDE proteins are transformed 
using expression vectors that contain viral origins of replication or endogenous 

15 expression elements and a selectable marker gene. Following the introduction of the 
vector, cells are grown in an enriched media before they are switched to selective media. 
The purpose of the selectable marker is to confer resistance to selection, and its presence 
allows growth and recovery of cells which successfully express the introduced sequences. 
Resistant clumps of stably transformed cells can be proliferated using tissue culture 

20 techniques appropriate for the cell type used. 

Any number of selection systems may be used to recover transformed cell lines. These 
include, but are not limited to, the herpes simplex virus thymidine kinase (Wigler, M., et 
al., 1977 Cell 11:223-32) and adenine phosphoribosyltransferase (Lowy, I. et al., 1980 

25 Cell 22:817-23) genes which can be employed in tk-minus or aprt-minus cells, 
respectively. Also, antimetabolite, antibiotic or herbicide resistance can be used as the 
basis for selection; for example, dhfr which confers resistance to methotrexate (Wigler, 
M., et al., 1980 Proc Natl Acad Sci 77:3567-70); npt, which confers resistance to the 
aminoglycosides neomycin and G-418 (Colbere-Garapin, F., et al., 1981 J. Mol Biol 

30 150:1-14) and als or pat, which confer resistance to chlorsulfiiron and phosphinotricin 
acetyltransferase, respectively (Murry, supra). Additional selectable genes have been 
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described, for example, trpB, which allows cells to utilize indole in place of tryptophan, 
or hisD, which allows cells to utilize histinol in place of histidine (Hartman, S. C. and R. 
C. Mulligan 1988 Proc. Natl. Acad. Sci. 85:8047-51). Recently, the use of visible 
markers has gained popularity with such markers as anthocyanins, fi-glucuronidase and 
its substrate, GUS, and luciferase and its substrate, iuciferin, being widely used not only 
to identify transformants, but also to quantify the amount of transient or stable protein 
expression attributable to a specific vector system (Rhodes, C. A., et al., 1995 Methods 
Mol. Biol. 55:121-131). 

Proteins And Polypeptides Of The Invention 

The invention also provides novel PDE proteins and polypeptides. Particular 
embodiments of the novel PDE proteins of the invention includes mammalian PDE8A 
and PDE7A3, and TbPDE2A/2B/2C/2E from T. brucei. Certain novel PDE protein 
molecules of the invention (e.g., PDE8A and PDE7A3) can be expressed on activated 
human CD4 + T cell line, and become upregulated in CD4 + T cells after stimulation with 
CD3 and CD28 receptors, and are involved in T cell activatioh, as certain Tcell functions 
such as T cell proliferation and IL2 production can be inhibited by PDE8A- or PDE7A3- 
antisense molecules. 

Novel PDEs of this invention may be embodied in many forms, preferably in isolated 
form or in purified form. Novel PDE proteins may also be generated by synthetic, semi- 
synthetic, or recombinant methods. 

A skilled artisan can readily employ standard isolation and purification methods to obtain 
isolated novel PDE proteins (Marchak, D. R, et al., 1996 in: Strategies for Protein 
Purification and Characterization, Cold Spring Harbor Press, Plainview, N. Y.). The 
nature and degree of isolation and purification will depend on the intended use. For 
example, purified novel PDE protein molecules will be substantially free of other 
proteins or molecules that impair the binding of novel PDE proteins to antibodies or other 
ligands. Embodiments of the novel PDE proteins include purified novel PDE protein or 
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fragments thereof, having the biological activity of a novel PDE protein. In one form, 
such purified PDE proteins, or fragments thereof, retain the ability to bind antibody or 
other ligand. 

5 Various forms of a particular novel PDE protein of the invention may be produced as a 
result of processes such as post-translational modification, alternative splicing. For 
example, various forms of isolated novel PDE proteins may include: precursor forms, 
mature forms, and different mature forms of a novel PDE protein that result from post- 
translational events, such as, glycosylation, phosphorylation, and intramolecular 
10 cleavage. 

The present invention provides isolated and purified proteins, polypeptides, and 
fragments thereof, having an amino acid sequence identical to the predicted sequence of 
the novel PDE sequences disclosed herein. Accordingly, the amino acid sequences may 
15 be identical to a particular novel PDE sequence, as described in Figures 1, 8B, 16, 21B, 
22B, and 23B). 

The present invention also includes proteins having sequence variations from the 
predicted novel PDE protein sequences disclosed herein. For example, the proteins 
20 having the variant sequences include allelic variants, mutant variants, conservative 
substitution variants, and novel PDE proteins isolated from other organisms. The amino 
acid sequences may be similar to the disclosed sequences. 

The present invention encompasses mutant alleles of novel PDEs that encode mutant 
25 forms of novel PDE proteins having one or more amino acid substitutions, insertions, 
deletions, truncations, or frame shifts. Such mutant forms of proteins typically may not 
exhibit the same biological activity as wild-type proteins. 

Another variant of novel PDE proteins may have amino acid sequences that differ by one 
30 or more amino acid substitutions. The variant may have conservative amino acid 
changes, where a substituted amino acid has similar structural or chemical properties, 
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such as replacement of leucine with isoleucine. Alternatively, a v^iant may have 
nonconservative amino acid changes, such as replacement of a glycine with a tryptophan. 
Similar minor variations may also include amino acid deletions or insertions, or both. 
Guidance in determining which and how many amino acid residues may be substituted, 
5 inserted or deleted may be found using computer programs well known in the art, for 
example, DNASTAR software. 

Conservative amino acid substitutions can frequently be made in a protein without 
altering either the conformation or the biological activity of the protein. Such changes 

10 include substituting any of isoleucine (I), valine (V), and leucine (L) for any other of 
these hydrophobic amino acids; aspartic acid (D) for glutamic acid (E) and vice versa; 
glutamine (Q) for asparagine (N) and vice versa; and serine (S) for threonine (T) and vice 
versa. Other substitutions can also be considered conservative, depending on the 
environment of the particular amino acid and its role in the three-dimensional structure of 

15 the protein. For example, glycine (G) and alanine (A) can frequently be interchanged, as 
can alanine (A) and valine (V). Methionine (M), which is relatively hydrophobic, can 
frequently be interchanged with leucine and isoleucine, and sometimes with valine. 
Lysine (K) and arginine (R) are frequently interchangeable in locations in which the 
significant feature of the amino acid residue is its charge and the differing pK's of these 
20 two amino acid residues are not significant. 

The invention also provides peptides comprising biologically and/or immunologically 
active fragments of novel PDEs. For example, the proteins and peptides of the invention 
can elicit antibodies that specifically bind an epitope associated with a novel PDE protein 
25 of the invention. Accordingly, the novel PDE protein, or any oligopeptide thereof, is 
capable of inducing a specific immune response in appropriate animals or cells, and/or 
binding with ligands such as specific antibodies. 

The novel PDE -encoding nucleic acid molecules described herein enable the isolation of 
30 novel PDE homologues, alternatively sliced isoforms, allelic variants, and mutant forms of 
the protein as well as their coding and gene sequences. 
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For example, a portion of the novel PDE -encoding sequence herein described can be 
synthesized and used as a probe to retrieve DNA encoding a member of the novel PDE 
family of proteins from organisms other than human, allelic variants of the novel PDE 
5 protein herein described, and genomic sequence containing the novel PDE gene. Oligomers 
containing e.g., about 18-20 nucleotides (encoding about a 6-7 amino acid stretch), can be 
prepared and used to screen genomic DNA or cDNA libraries to obtain hybridization under 
stringent conditions or conditions of sufficient stringency to eliminate an undue level of 
false positives. In a particular embodiment, cDNA encoding a novel PDE can be used to 
1 0 isolate a full length cDNA encoding a novel PDE homologue. 

In addition, the amino acid sequence of the human novel PDE protein may be used to 
generate antibody probes to screen expression libraries prepared from cells. Typically, 
polyclonal antiserum from mammals such as rabbits immunized with the purified protein (as 
15 described below) or monoclonal antibodies can be used to probe an expression library, 
prepared from a target organism, to obtain the appropriate coding sequence for a novel PDE 
homologue. The cloned cDNA sequence can be expressed as a fusion protein, expressed 
directly using its own control sequences, or expressed by constructing an expression cassette 
using control sequences appropriate to the particular host used for expression of the enzyme. 

20 

Non-human homologues'of a novel PDE, naturally occurring allelic variants of a novel PDE 
and genomic novel PDE sequences may share a high degree of homology to the novel PDE 
sequences herein described. In general, such nucleic acid molecules will hybridize to the 
novel PDE sequence under stringent conditions. Such sequences will typically contain at 

25 least 70% homology, preferably at least 80%, most preferably at least 90% homology to the 
a novel PDE sequence. Stringent conditions are those, e.g., that (1) employ low ionic 
strength and high temperature for washing, for example, 0.01 5M NaCl/0.0015M sodium 
titrate/0.1% SDS at 50EC, or (2) employ during hybridization a denaturing agent such as 
formamide, for example, 50% (vol/vol) formamide with 0.1% bovine serum albumin/0.1% 

30 Ficoll/0.1% polyvinylpyrrolidone/50 mM sodium phosphate buffer at pH 6.5 with 750 mM 
NaCl, 75 mM sodium citrate at 42EC. 
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METHODS FOR GENERATING NOVEL PDE PROTEINS 

The novel PDE proteins of the invention may be generated by chemical synthesis or by 
5 recombinant methods. Recombinant methods are preferred if a high yield is desired. 
Recombinant methods involve expressing the cloned gene in a suitable host cell. For 
example, a host cell is introduced with an expression vector having a novel PDE 
nucleotide sequence, and then the host cell is cultured under conditions that permit 
production of the novel PDE protein encoded by the sequence. 

10 

For example, in general terms, the production of recombinant novel PDE proteins will 
involve using a host/vector system employing the following steps: A nucleic acid 
molecule is obtained that encodes a novel PDE protein or a fragment thereof, such as any 
one of the polynucleotides disclosed in Figures 1, 8A, 16, 21A, 22A, or 23A). The novel 

15 PDE- encoding nucleic acid molecule is then preferably inserted into an expression 
vector in operable linkage with suitable expression control sequences (described below), 
to generate an expression vector containing the novel PDE- encoding sequence. The 
expression vector is introduced into a suitable host, by standard transformation methods, 
and the resulting transformed host is cultured under conditions that allow the production 

20 and retrieval of the novel PDE protein of the invention. For example, if expression of a 
novel PDE gene is under the control of an inducible promoter, then suitable growth 
conditions include the appropriate inducer. The novel PDE protein, so produced, is 
isolated from the growth medium or directly from the cells; recovery and purification of 
the protein may not be necessary in some instances where some impurities may be 
25 tolerated. A skilled artisan can readily adapt an appropriate host/expression system 
known in the art (Cohen, et al., supra; Maniatis et al., supra) for use with a novel PDE- 
encoding sequences to produce a novel PDE protein of the invention. 

The novel PDE proteins of the invention, and fragments thereof, can be generated by 
30 chemical synthesis methods. The principles of solid phase chemical synthesis of 
polypeptides are well known in the art and may be found in general texts relating to this 
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area (Dugas, H. and Penney, C. 1981 Bioorganic Chemistry, pp 54-92, S t linger- Verlag, 
New York). PDE8 polypeptides may be synthesized by solid-phase methodology 
utilizing an Applied Biosystems 430A peptide synthesizer (Applied Biosystems, Foster 
City, Calif.) and synthesis cycles supplied by Applied Biosystems. Protected amino 
5 acids, such as t-butoxycarbonyl protected amino acids, and other reagents are 
commercially available from many chemical supply houses. 

The present invention provides derivative protein molecules, such as chemically modified 
novel PDE proteins. Illustrative of such modifications is replacement of hydrogen by an 
10 alkyl, acyl, or amino group. The novel PDE protein derivatives retain the biological 
activities of naturally occuring novel PDEs. 

ANTIBODIES REACTIVE AGAINST NOVEL PDE PROTEINS AND 
POLYPEPTIDES 

15 

The invention further provides antibodies, such as polyclonal, monoclonal, chimeric, 
fragments, and human plus humanized antibodies, that bind to novel PDE proteins or 
fragments thereof. The most preferred antibodies will selectively bind to a novel PDE 
protein and will not bind (or will bind weakly) to a non-PDE protein. These antibodies 
20 can be from any source, e.g., rabbit, sheep, rat, dog, cat, pig, horse, mouse and human. 

As will be understood by those skilled in the art, the regions or epitopes of a novel PDE 
protein to which an antibody is directed may vary with the intended application. For 
example, antibodies intended for use in an immunoassay for the detection of membrane- 

25 bound novel PDE on viable cells should be directed to an accessible epitope such as the 
extracellular domain of a novel PDE protein. Anti-novel PDE mAbs can be used to stain 
the cell surface of novel PDE - positive cells. The extracellular domain of novel PDE 
proteins represent potential markers for screening, diagnosis, prognosis, and follow-up 
assays and imaging methods to detect novel PDE proteins. In addition, novel PDE 

30 proteins may be excellent targets for therapeutic methods such as targeted antibody 
therapy, immunotherapy, and gene therapy to treat conditions associated with the 
presence or absence of a novel PDE protein of the invention. Additionally, some of the 
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antibodies of the invention may be r finalizing antibodies, which internalize (e.g., enter) 
into the cell upon or after binding. Internalizing antibodies are useful for inhibiting cell 
growth and/or inducing cell death and for detecting or targeting novel PDEs within 
damaged or dying cells. 

The invention includes a monoclonal antibody, the antigen-binding region of which 
competitively inhibits the immunospecific binding of any of the monoclonal antibodies of 
the invention to its target antigen. In one embodiment, this invention discloses a murine 
monoclonal antibody to PDE8A that was produced using a thioredoxin fusion protein of 
the PAS domain of PDE8A. Further, the invention provides recombinant proteins 
comprising the antigen-binding region of any the monoclonal antibodies of the invention. 

The invention also encompasses antibody fragments that specifically recognize a novel 
PDE protein or a fragment thereof. As used herein, an antibody fragment is defined as at 
least a portion of the variable region of the immunoglobulin molecule that binds to its 
target, i.e., the antigen-binding region. Some of the constant region of the 
immunoglobulin may be included. Fragments of the monoclonal antibodies or the 
polyclonal antisera include Fab, F(ab') 2 , Fv fragments, single-chain antibodies, and fusion 
proteins which include, the immunologically significant portion (i.e., a portion that 
recognizes and binds a novel PDE). 

The chimeric antibodies of the invention are immunoglobulin molecules that comprise at 
least two antibody portions from different species, for example a human and non-human 
portion. Chimeric antibodies are useful, as they are less likely to be antigenic to a human 
subject than antibodies with non-human constant regions and variable regions. The 
antigen combining region (variable region) of a chimeric antibody can be derived from a 
non-human source (e.g. murine) and the constant region of the chimeric antibody, which 
confers biological effector function to the immunoglobulin, can be derived from a human 
source (Morrison et al., 1985 Proc. Natl Acad. Set USA. 81:6851 ; Takeda et al., 1985 
Nature 314:452; Cabilly et al, U.S. Pat. No. 4,816,567; Boss et al., U.S. Pat. No. 
4,816,397). The chimeric antibody may have the antigen binding specificity of the non- 
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human antibody molecule and the effector function conferred by the human antibody 
molecule. 

The invention also provides chimeric proteins having different effector functions 
5 (Neuberger et ah, 1984 Nature 312:604), immunoglobulin constant regions from another 
species and constant regions of another immunoglobulin chain (Sharon et al., 1984 
Nature 309:364); Tan et aL, 1985 J. Immunol 135:3565-3567). Additional procedures 
for modifying antibody molecules and for producing chimeric antibody molecules using 
homologous recombination to target gene modification have been described (Fell et al. 5 
10 1989 Proc. Natl Acad, Set USA 86:8507-851 1). 

Humanized antibodies directed against novel PDE proteins are also useful. As used 
herein, a humanized novel PDE antibody is an immunoglobulin molecule which is 
capable of binding to a novel PDE protein. A humanized novel PDE antibody includes 

15 variable regions having substantially the amino acid sequence of a human 
immunoglobulin and the hyper-variable region having substantially the amino acid 
sequence of non-human immunoglobulin. Humanized antibodies can be made according 
to several methods known in the art (Teng et ah, 1983 Proc. Natl Acad Sci. U.S.A. 
80:7308-7312; Kozbor et al, 1983 Immunology Today 4:7279; Olsson et al., 1982 Meth. 

20 Enzymol 92:3-16). 

Novel antibodies of human origin can be also made to the antigen having the appropriate 
biological functions. For example, human monoclonal antibodies may be made by using the 
antigen, e.g. a novel PDE protein or peptide thereof, to sensitize human lymphocytes to the 
25 antigen in vitro followed by EBV-transformation or hybridization of the antigen-sensitized 
lymphocytes with mouse or human lymphocytes, as described by Borrebaeck et al. {Proc. 
Natl Acad. SclUSA 85:3995-99 (1988)). 

Various methods for the preparation of antibodies are well known in the art. For 
30 example, antibodies may be prepared by immunizing a suitable mammalian host with an 
immunogen such as an isolated novel PDE protein, peptide, fragment, or an 
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immunoconjugated form cf a novel PDE8 protein (Harlow 1989, in: Antibodies, Cold 
Spring Harbor Press, NY). In addition, fusion proteins of novel PDEs may also be used 
as immunogens, such as a novel PDE fused to -GST-, -human Ig, or His-tagged fusion 
proteins. Cells expressing or over-expressing novel PDE proteins may also be used for 
immunizations. Similarly, any cell engineered to express novel PDE proteins may be 
used. This strategy may result in the production of monoclonal antibodies with enhanced 
capacities for recognizing endogenous novel PDE proteins (Harlow and Lane, 1988, in: 
Antibodies: A Laboratory Manual. Cold Spring Harbor Press). 

The amino acid sequence of novel PDE proteins, and fragments thereof, may be used to 
select specific regions of the novel PDE proteins for generating antibodies. For example, 
hydrophobicity and hydrophilicity analyses of a novel PDE amino acid sequence may be 
used to identify hydrophilic regions in the novel PDE protein structure. Regions of the 
novel PDE protein that show immunogenic structure, as well as other regions and 
domains, can readily be identified using various other methods known in the art such as 
Chou-Fasman, Garnier-Robson, Kyte-Doolittle, Eisenberg, Karplus-Schultz or Jameson- 
Wolf analysis (Rost, B., and Sander, C. 1994 Protein 19:55-72). Fragments including 
these regions are particularly suited in generating anti-PDE8 antibodies. 

Methods for preparing a protein for use as an immunogen and for preparing 
immunogenic conjugates of a protein with a carrier such as BSA, KLH, or other carrier 
proteins are well known in the art. Techniques for conjugating or joining therapeutic 
agents to antibodies are well known (Anion et al., "Monoclonal Antibodies For 
Immunotargeting Of Drugs In Cancer Therapy", in: Monoclonal Antibodies And Cancer 
Therapy, Reisfeld et al.,(eds.), pp. 243-56 (Alan R. Liss, Inc. 1985); Hellstrom et al., 
"Antibodies For Drug Delivery", in: Controlled Drug Delivery (2nd Ed.), Robinson et al. 
(eds.), pp. 623-53 (Marcel Dekker, Inc. 1987); Thorpe, "Antibody Carriers Of Cytotoxic 
Agents In Cancer Therapy: A Review", in: Monoclonal Antibodies '84: Biological And 
Clinical Applications, Pinchera et al. (eds.), pp. 475-506 (1985); and Thorpe et al, "The 
Preparation And Cytotoxic Properties Of Antibody-Toxin Conjugates", Immunol Rev., 
62:119-58 (1982); Sodee et al., 1997, Clin. Nuc. Med 21: 759-766). In some 
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circumstances, direct conjugation usLig, for example, carbodiimide reagents may be 
used; in other instances linking reagents such as those supplied by Pierce Chemical Co., 
Rockford, IL, may be effective. 

5 Administration of a novel PDE immunogen is conducted generally by injection over a 
suitable time period and with use of a suitable adjuvant, as is generally understood in the 
art. During the immunization schedule, titers of antibodies can be taken to determine 
adequacy of antibody formation. 

10 While the polyclonal antisera produced in this way may be satisfactory for some 
applications, for pharmaceutical compositions, monoclonal antibody preparations are 
preferred. Immortalized cell lines which secrete a desired monoclonal antibody may be 
prepared using the standard method of Kohler and Milstein {Nature 256: 495-497) or 
modifications which effect immortalization of lymphocytes or spleen cells, as is generally 

15 known. The immortalized cell lines secreting the desired antibodies are screened by 
immunoassay in which the antigen is a novel PDE protein or a fragment thereof. When 
the appropriate immortalized cell culture secreting the desired antibody is identified, the 
cells can be cultured either in vitro or by production in ascites fluid. The desired 
monoclonal antibodies are then recovered from the culture supernatant or from the ascites 

20 supernatant. 

The antibodies or fragments may also be produced by recombinant means. The antibody 
regions that bind specifically to the desired regions of a novel PDE protein can also be 
produced in the context of chimeric or CDR grafted antibodies of multiple species origin. 

25 

The antibodies of the invention bind specifically to polypeptides having novel PDE 
sequences. In one embodiment, the novel PDE antibodies specifically bind to the PAS 
domain of a novel PDE protein. In another embodiment, the antibodies of the invention 
specifically bind to the C-terminal domain of a novel PDE protein. In other embodiments, 
30 the antibodies of this invention bind to other domains of a novel PDE protein or 
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precursor, for example the antibodies bind to the N-termina! domain of a novel PDE 
protein. 

USES OF THE MOLECULES OF THE INVENTION 

5 

The nucleic acid molecules encoding novel PDE proteins of the invention are useful for a 
variety of purposes, including their use in diagnosis and/or prognostic methods. The 
nucleic acid molecules and proteins of the invention may be used to test the presence 
and/or amount of novel PDE nucleotide sequences and novel PDE protein in a suitable 

10 biological sample. The .suitable biological sample can be from an animal or a human. 
The sample can be a cell sample or a tissue sample, including samples from spleen, 
lymph node, thymus, bone marrow, liver, heart, brain, placenta, lung, skeletal muscle, 
kidney and pancreas. The sample can be a biological fluid, including, urine, blood sera, 
blood plasma, phlegm, or lavage fluid. Alternatively, the sample can be a swab from the 

1 5 nose, ear or throat. 

Additionally, the novel PDE protein molecules or fragments thereof are able to elicit the 
generation of antibodies, which can serve as molecules for use in various therapeutic 
modalities. A novel PDE protein may also be used to identify and isolate agents that bind 
20 to the novel protein (e.g., PDE ligands) and modulate the biological activity of a novel 
PDE protein. 

Uses Of Nucleic Acid Molecules Encoding Novel PDEs 

25 The nucleic acid molecules of this invention can be used in various hybridization 
methods to identify and/or isolate nucleotide sequences related to the novel PDE 
nucleotide sequence, such as different polymorphic forms, alternatively spliced variants, 
genomic sequences. Sequences related to a novel PDE nucleotide sequence are useful for 
developing additional ligands and antibodies. The hybridization methods are used to 

30 identify/isolate DNA and RNA sequences that are identical or similar to the novel PDE 
nucleotide sequences, such as novel PDE homologies, alternatively spliced isoforms, 
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allelic variants, and mutant forms of the novel PDE8 proteins as well as their coding and 
gene sequences. 

Full-length or fragments of the nucleotide sequences that encode the novel PDE proteins, 
5 described herein, can be used as a nucleic acid probes to retrieve nucleic acid molecules 
having sequences related to novel PDE. 

In one embodiment, a novel PDE nucleic acid probe is used to screen genomic libraries, 
such as libraries constructed in lambda phage or BACs (bacterial artificial chromosomes) 

1 0 or YACs (yeast artificial chromosomes), to isolate a genomic clone of a novel PDE gene. 
The novel PDE nucleotide sequences from genomic libraries are useful for isolating 
upstream or downstream non-coding sequences, such as promoter, enhancer, and 
transcription termination sequences. The upstream sequences from a novel PDE gene 
may be joined to non-PDE sequences in order to construct a recombinant DNA molecule 

15 that expresses the non-PDE sequence upon introduction into an appropriate host cell. In. 
another embodiment, a novel PDE probe is used to screen cDNA libraries to isolate 
cDNA clones expressed in certain tissues or cell types. The novel PDE nucleotide 
sequences from cDNA libraries are useful for isolating sequences from various cell types, 
tissue types, or from various mammalian subjects. 

20 

Additionally, pairs of oligonucleotide primers can be prepared for use in a polymerase 
chain reaction (PCR) to selectively amplify or clone nucleic acid molecules encoding 
novel PDE proteins, or fragments thereof. PCR methods (U.S. Patent No. 4,965,188) that 
include numerous cycles of denature/anneal/polymerize steps are well known in the art 
25 and can readily be adapted for use in isolating other PDE- encoding nucleic acid 
molecules. 

In addition, the nucleic acid molecules of the invention may also be employed in 
diagnostic embodiments, using novel PDE nucleic acid probes to determine the presence 
30 and/or the amount of novel PDE sequences present in a biological sample. 
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One embodiment encompasses determining the amount of novel PDE nucleotide 
sequences present within the suitable biological sample such as in specific cell types, 
tissues, body fluids, using a novel PDE probe in a hybridization procedure. Alternatively, 
polynucleotides of this invention may also be used for developing diagnostic methods to 
5 detect genetic defects, where a genetic alteration in novel PDE8 sequence may be 
indicative of a disease. 

Another embodiment encompasses quantifying the amount of novel PDE nucleic acid 
molecules in the biological sample from a test subject, using a novel PDE probe in a 

10 hybridization procedure. The amount of novel PDE nucleic acid molecules in the test 
sample can be compared with the amount of novel PDE nucleic acid molecules in a 
reference sample from a normal subject. The presence of a measurably different amount 
of novel PDE nucleic acid molecules between the test and reference samples may 
correlate with the presence or with the severity of a disease associated with abnormal 

15 levels (high or low) of novel PDE nucleic acid molecules as compared to normal levels 
of the protein. 

In another embodiment, monitoring the amount of novel PDE RNA transcripts over time 
is effected by quantitatively determining the amount of novel PDE RNA transcripts in 
20 test samples taken at different points in time. A difference in the amounts of novel PDE 
RNA transcripts in the various samples being indicative of the course of the disease 
associated with expression of a novel PDE transcript. 

As a further embodiment, diseases or disorders associated with novel PDE transcripts or 
25 proteins are detected by an increase or deficiency in novel PDE gene copy number. 
Methods for detecting gene copy number include chromosome mapping by Fluorescence 
In Situ Hybridization (FISH analysis) (Rowley et al., (1990) Proc Natl Acad Sci USA 87: 
9358-9362, H. Shizuya, Proc Natl Acad Sci USA, 89:8794). Methods for determining an 
increase in novel PDE gene copy number are important because the increase may 
30 correlate with an increase in the severity of the disease associated with novel PDE protein 
and poor patient outcome. 
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To conduct such diagnostic methods, a suitable biological sample from a test subject is 
contacted with a labelled novel PDE probe, under conditions effective to allow 
hybridization between the sample nucleic acid molecules and the probe. In a similar 
5 manner, a biological sample from a normal subject is contacted with a novel PDE probe 
and hybridized under similar conditions. The presence of the nucleic acid molecules 
hybridized to the probe is detected. The relative and/or quantified amount of the 
hybridized molecules may be compared between the test and reference samples. The 
novel PDE probes are preferably labeled with any of the known detectable labels, 
10 including radioactive, enzymatic, fluorescent, or chemiluminescent labels. 

Many suitable variations of hybridization technology are available for use in the detection 
of nucleic acids having novel PDE sequences. These include, for example, Southern and 
Northern procedures. Other hybridization techniques and systems are known that can be 

15 used in connection with the detection aspects of the invention, including diagnostic 
assays such as those described in Falkow et al., U.S. Pat. No. 4,358,535. Another 
hybridization procedure includes in situ hybridization, where the target nucleic acids are 
located within one or more cells and are contacted with the novel PDE probes. As is well 
known in the art, the cells are prepared for hybridization by fixation, e.g. chemical 

20 fixation, and placed in conditions that permit hybridization of the novel PDE probe with 
nucleic acids located within the fixed cell. 

The nucleic acid molecules of this invention further provide antisense molecules that 
recognize and hybridize to a novel PDE nucleic acid. Antisense polynucleotides are 
25 particularly useful in regulating the expression of a novel PDE protein in those cells 
expressing a novel PDE mRNA. An antisense molecule corresponding to the N-terminal 
sequence of the gene is particularly desirable for this approach. This invention provides 
these full length and fragment antisensepolynucleotides. 
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The polynucleotides of this invention also provide reagents for gene rep*. ;ement therapy 
to augment immune functions by enhancing the expression of the novel PDEs in 
immunocompromised individuals. 

5 The polynucleotide of this invention further provide reagents to develop animal models 
using "knock-out" strategies through homologous recombination. Methods for generating 
knock-out animals that fail to express a functional protein molecule are well known in the 
art (Capechi, Science (1989) 244:1288-1292), and will be especially useful for studying 
in vivo functions of PDE8. 

10 

Uses Of Novel PDE Protein Molecules 

This present invention provides evidence that certain novel PDEs (e.g., PDE8 and 
PDE7A3) are present in an activated human CD4 + T cell line, and becomes upregulated 

15 in CD4 + T cells after stimulation with the CD3 and CD28 receptors. The upregulation of 
PDES A and PDE7A3 reaches its maximum level at a much later time point, 8-16 hours 
after stimulation. The invention further shows that RNA, protein, and activity levels of 
PDE8A and PDE7A3 all increase at a later time point. A possible advantage of this later 
upregulation of PDE8A and PDE7A3 may be exploited to design specific inhibitors that 

20 will be able to slow down T cell proliferation but not knock it down completely. 

The invention further indicates that PDE8A may have different conformations with 
different states of activation. For example, in CD4 + T cells and hut78 T cell line PDE8A 
activity is inhibited by IBMX, although recombinant PDE8A is resistant to IBMX 
25 inhibition. The invention further shows that the recombinant PDE8A can be activated by 
limited trypsin digestion and the digested PDE8A is more susceptible to IBMX inhibition 
than the undigested PDE8A suggesting that PDE8A in T cells may be modified in some 
way, for instance by phosphorylation, binding of a ligand, or by association with other 
proteins. 

30 
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This invention postulates an important role for PDE8A and PDE7A3 in T-cell functions 
and offers strategies for' the development of inhibitors and modulators of PDE8A which 
may facilitate diagnosis, prevention, and treatment of a number of T-cell mediated 
disorders. 

5 

The novel PDEs (e.g., PDE8A and PDE7A3) proteins are attractive targets for drug 
development. Drugs directed against these PDEs will likely inhibit an immune system 
disease such as graft versus host disease (GVHD); psoriasis; immune disorders associated 
with graft transplantation rejection; T cell lymphoma; T cell acute lymphoblastic 

10 leukemia; testicular angiocentric T cell lymphoma; benign lymphocytic angitis; and 
autoimmune diseases such as lupus erythrmatosis, Hishimoto's thyroiditis, primary 
myxedema, Grave's disease, pernicious anemia, autoimmune atropic gastritis, Addison's 
disease, insulin dependent diabetes mellitus, good pasture syndrome, myasthenia gravis, 
pemphigus, Crohn's disease, sympathetic opthalmia, autoimmune uvetitis, multiple 

15 sclerosis, autoimmune hemolytic anemia, idiopathic thrombocytopenia, primary biliary, 
cirrhosis, chronic action hepatitis, ulceratis colitis, Sjogren's syndrome, arthritis * 
(including rheumatoid arthritis, juvenile rheumatoid arthritis, osteoarthritis, psoriatic 
arthritis), polymositis, scleroderma, or mixed connective tissue disease. 

20 Further, the invention provides cAMP-specific PDEs from T. brucei, including isolated 
PDE proteins TbPDE2A/B/C/E. The invention also provides inhibitors studies 
demonstrating that these proteins are resistant to most inhibitors tested, including broad- 
spectrum inhibitors. It is known that cAMP plays a key role in cell growth and 
differentiation in this parasite and PDEs are responsible for the hydrolysis of this 

25 important messenger. Therefore, these parasite PDEs including TbPDE2A/2B/2C/2E, are 
attractive targets for drug screening assays and to accomplish selective dug design. 

The novel PDE (e.g., PDE8A, PDE7A3, and TbPDE2A/2B/2C/2E) proteins and 
fragments of the invention can be used to elicit the generation of antibodies that 
30 specifically bind an epitope associated with a novel PDE protein, as described herein 
(Kohler and Milstein, supra). The novel PDE antibodies include fragments, such Fv, 
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Fab', and F(ab') 2 . The antibodies which are immunoreactive with selected domains or 
regions of a novel PDE protein are particularly useful. 

In one embodiment, the novel PDE antibodies are used to screen expression libraries in 
5 order to obtain proteins related to novel PDE proteins (e.g., homoiogues). 

In another embodiment, novel PDE antibodies are used to enrich or purify novel PDE 
proteins from a sample having a heterologous population of proteins. The enrichment 
and purifying methods include conventional techniques, such as immuno-affinity 

10 methods. In general, the immuno-affinity methods include the following steps: preparing 
an affinity matrix by linking a solid support matrix with a novel PDE antibody, wherein 
the linked affinity matrix specifically binds with a novel PDE protein; contacting the 
linked affinity matrix with the sample under conditions that permit the novel PDE protein 
in the sample to bind to the linked affinity matrix; removing the non-PDE proteins that 

15 did not bind to the linked affinity matrix, thereby enriching or purifying for the novel 
PDE proteins. A further step may include eluting the novel PDE proteins from the 
affinity matrix. The general steps and conditions for affinity enrichment for a desired 
protein or protein complex can be found in Antibodies: A Laboratory Manual (Harlow, 
E. and Lane, D., 1988 CSHL, Cold Spring, N. Y.). 

20 

The novel PDE antibodies are also used to detect, sort, or isolate cells expressing a novel 
PDE protein. The novel PDE-positive cells are detected within various biological 
samples. The presence of novel PDE proteins on cells (alone or in combination with 
other cell surface markers) may be used to distinguish and isolate cells (e.g., sorting) 

25 expressing novel PDE from other cells, using antibody-based cell sorting or affinity 
purification techniques. The novel PDE antibodies may be used to generate large 
quantities of relatively pure novel PDE-positive cells from individual subjects or patients, 
which can be grown in tissue culture. In this way, for example, an individual subject's 
cells may be expanded from a limited biopsy sample and then tested for the presence of 

30 diagnostic and prognostic novel PDE genes, proteins, chromosomal aberrations, gene 
expression profiles, or other relevant genotypic and phenotypic characteristics, without 
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the potentially confounding variable of contaminating cells. Similarly, p .nent-specific 
vaccines and cellular immunotherapeutics may be created from such cell preparations. 
The methods for detecting, sorting, and isolating novel PDE-positive cells use various 
imaging methodologies, such as fluorescence or immunoscintigraphy with Induim-111 
5 (or other isotope). 

There are multiple diagnostic uses of the antibodies of the invention. For example, CD33 
is upregulated in myelotiysplastic syndromes (Elghetamy, 1998 supra) and is used as a 
diagnostic marker for leukemia. The invention provides methods for diagnosing in a 

10 subject, e.g., an animal or human subject, a disease associated with the presence or 
deficiency of the novel PDE protein(s). In one embodiment, the method comprises 
quantitatively determining the amount of a novel PDE protein in the sample (e.g., cell or 
biological fluid sample) using any one or combination of the antibodies of the invention. 
Then the amount so determined can be compared with the amount in a sample from a . 

15 normal subject. The presence of a measurably different amount in the sample (i.e., the. 
amount of novel PDE proteins in the test sample exceeds or is reduced from the amount 
of novel PDE proteins in a normal sample) indicates the presence of the disease. 

The anti-PDE antibodies of the invention may be particularly useful in diagnostic 
20 imaging methodologies, where the antibodies have a detectable label. The invention 
provides various immunological assays useful for the detection of novel PDE proteins in 
a suitable biological sample. Suitable detectable markers include, but are not limited to, a 
radioisotope, a fluorescent compound, a bioluminescent compound, chemiluminescent 
compound, a chromophore, a metal chelator, biotin, or an enzyme. Such assays generally 
25 comprise one or more labeled novel PDE antibodies that recognize and bind a novel PDE 
protein, and include various immunological assay formats well known in the art, 
including but not limited to various types of precipitation, agglutination, complement 
fixation, radioimmunoassays (RIA), enzyme-linked immunosorbent assays (ELISA), 
enzyme-linked immunofluorescent assays (ELIFA) (H. Liu et al. 1998 Cancer Research 
30 58: 4055-4060), immunohistochemical analyses and the like. 
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In addition, immunological imaging H-.thods that detect cells expressing novel PDEs are 
also provided by the invention, including but not limited to radioscintigraphic imaging . 
methods using labeled novel PDE antibodies. Such assays may be clinically useful in the 
detection and monitoring the number and/or location of cells expressing novel PDE 
5 proteins in the test and reference samples. 

Additionally, the invention provides methods for monitoring the course of disease or 
disorders associated with novel PDEs in a test subject by measuring the amount of a 
novel PDE protein in a sample from the test subject at various points in time. This is 

10 done for purposes of determining a change in the amount of novel PDE in the sample 
over time. Monitoring the course of disease or disorders over time may optimize the 
timing, dosage, and type of treatment. In one embodiment, the method comprises 
quantitatively determining in a first sample from the subject the presence of a novel PDE 
protein and comparing the amount so determined with the amount present in a second 

15 sample from the same subject taken at a different point in time, a difference in the 
amounts determined being indicative of the course of the disease. 



One embodiment of the invention is a method for diagnosing an immune system disease 
in a candidate subject. This method comprises: obtaining a biological sample from an 

20 candidate subject having an immune system disease (e.g., test sample) and from normal 
subjects (e.g., reference samples); contacting the test and reference sample(s) with an 
anti-PDE antibody that specifically forms a complex with a novel PDE protein; detecting 
the complex so formed in the test and reference samples; comparing the amount of 
complex formed in the test and reference samples, where a measurable difference in the 

25 amount of the complex formed in the test and reference samples is indicative of an 
immune system disease. Elevated levels of novel PDE in the bloodstream or lavage fluid 
may be a way of detecting immune system disease. This detection can be done by ELISA 
or similar methods using labeled antibodies that react with novel PDE proteins. 



30 The novel PDE antibodies may also be used therapeutically to modulate (e.g., inhibit or 
activate) the biological activity of novel PDE proteins, or to target therapeutic agents, 
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such as anti-inflammatory and anti-protozoal drugs to cells expressing novel PDE 
proteins. For example, cells expressing novel PDEs can be targeted, using antibodies that 
bind with cells expressing novel PDE proteins. The binding of the novel PDE antibody 
with the cells decreases the biological activity of novel PDE proteins, thereby inhibiting 
5 the growth of the novel PDE- expressing cells and decreasing the disease associated with 
abnormal cellular expression of novel PDE proteins. 

Screening For Novel PDE Ligands 

10 Another aspect of the invention relates to screening methods for identifying agents of 
interest and/or cellular constituents that bind to novel PDE proteins (e.g., ligands) and/or 
modulate the biological activity of novel PDE proteins. 

Because certain novel PDEs (e.g., PDE8A and PDE7A3) are expressed in activated T 
15 cells, these proteins may be involved in immune cell functions. Thus, agents that bind 
with and modulate the biological activity of these novel PDE proteins may be effective in" 
modulating novel PDE functions and therefore, may facilitate diagnosis, prevention, and 
treatment of a number of T cell mediated disorders. 

20 Further, certain novel PDE (TbPDE2A/2B/2C/2E) proteins are phosphodiesterases from 
T. brucei that work as key components in the regulation of intracellular levels of cAMP 
by catalyzing its hydrolysis, and together with the adenylyl cyclases ultimately control 
the biological responses mediated by this messenger molecule. Regulation of intracellular 
levels of cAMP is crucial in the processes of cell transformation and proliferation The 

25 intracellular levels of cAMP are significantly different depending on the life cycle and 
cell stage of the protozoal parasite, Trypanosome. For example, T. brucei, differentiates 
from long slender bloodstream forms into short stumpy forms that are infectious to the 
insect (Reed S.L. et al., Infec Immun 1985; 49: 844-7). TbPDEs including 
TbPDE2A/2B/2C/2E are attractive targets for screening for agents that bind with and 

30 modulate the biological activity of TbPDE2A/2B/2C/2E proteins may be effective in 
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modulating TbPDE2A/2B/2C/2E functions and therefore, may facilitate development of 
novel and effective anti-protozoal agents for the treatment of parasitic diseases. 

Typically, the goal of such screening methods is to identify an agent(s) that binds to the 
5 target novel PDEs (e.g., PDE8A, PDE7A and TbPDE2A/2B/2C/2E) and causes a change 
in the biological activity of the target polypeptide, such as activation or inhibition of the 
target polypeptide, thereby decreasing diseases associated with abnormal cellular 
expression of novel PDE proteins. The agents of interest are identified from a population 
of candidate agents. 

10 

In one embodiment, a screening assay comprises the following: contacting a labeled 
novel PDE protein with a test agent or cellular extract, under conditions that allow 
association (e.g., binding) of the novel PDEs protein with the test agent or component of 
the cellular extract; and determining if a complex comprising the agent or component 
15 associated with the novel PDE protein is formed. The screening methods are suitable for 
use in high throughput screening methods. 

The binding of an agent with a novel PDE protein can be assayed using a shift in the 
molecular weight or a change in biological activity of the unbound PDE protein, or the 

20 expression of a reporter gene in a two-hybrid system (Fields, S. and Song, O., 1989, 
Nature 340:245-246). The method used to identify whether an agent/cellular component 
binds to a novel PDE protein will be based primarily on the nature of the novel PDE 
protein used. For example, a gel retardation assay can be used to determine whether an 
agent binds to a novel PDE, or a fragment thereof. Alternatively, immunodetection and 

25 biochip (e.g., U.S. Patent No. 4,777,019) technologies can be adopted for use with the 
novel PDE protein. An alternative method for identifying agents that bind with a novel 
PDE protein employs TLC overlay assays using glycolipid extracts from immune-type 
cells (K. M Abdullah,' et al., 1992 Infect. Immunol 60:56-62). A skilled artisan can 
readily employ numerous art-known techniques for determining whether a particular 

30 agent binds to a novel PDE protein of the invention. 
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Alternatively or consecutively, the biological activity of a novel PDE protein, as part of 
the complex, can be analyzed as a means for identifying agonists and antagonists of 
PDE activity. For example, a method used to isolate cellular components that bind CD22 
(D. Sgroi, et ah, 1993 J. Biol Chem. 268:7011-7018; L. D. Powell, et al., 1993 J. Biol 
5 Chem. 268:7019-7027) can be adapted to isolate cell-surface glycoproteins that bind to 
novel PDE proteins by contacting cell extracts with an affinity column having 
immobilized anti-novel PDE antibodies. 

Another embodiment of the assays includes screening agents and cellular constituents 
that bind to novel PDE proteins using a yeast two-hybrid system (Fields, S. and Song, O., 
supra) or using a binding-capture assay (Harlow, supra). Generally, the yeast two-hybrid 
system is performed in a yeast host cell carrying a reporter gene, and is based on the 
modular nature of the GAL transcription factor which has a DNA binding domain and a 
transcriptional activation domain. The two-hybrid system relies on the physical 
interaction between a recombinant protein that comprises the DNA binding domain and 
another recombinant protein that comprises the transcriptional activation domain to 
reconstitute the transcriptional activity of the modular transcription factor, thereby 
causing expression of the reporter gene. Either of the recombinant proteins used in the 
two-hybrid system can be constructed to include the novel PDE- encoding sequence to 
screen for binding partners of novel PDEs. The yeast two-hybrid system can be used to 
screen cDNA expression libraries (G. J. Hannon, et al. 1993 Genes and Dev. 7: 2378- 
2391) , and random aptmer libraries (J. P. Manfredi, et al. 1996 Molec. And Cell Biol 
16: 4700-4709) or semi-random (M. Yang, et al. 1995 Nucleic Acids Res. 23: 1152- 
1 156) aptmer libraries for novel PDE ligands. In one embodiment, using yeast two hybrid 
screening assay, this invention discloses three classes of cellular proteins that are 
involved in protein/protein interaction with PDE8A (Example 9). 

Novel PDE proteins which are used in the screening assays described herein include, but 
are not limited to, an isolated novel PDE protein, a fragment of a novel PDE protein, a 
30 cell that has been altered to express a novel PDE protein, or a fraction of a cell that has 
been altered to express a novel PDE protein. 
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The candidate agents to be tested for binding with novel PDE proteins and/or modulating 
the activity of novel PDE proteins can be, as examples, peptides, small molecules, and 
vitamin derivatives, as well as carbohydrates. A skilled artisan can readily recognize that 
5 there is no limit as to the structural nature of the agents tested for binding to novel PDE 
proteins. One class of agents is peptide agents whose amino acid sequences are chosen 
based on the amino acid sequence of the novel PDE protein. Small peptide agents can 
serve as competitive inhibitors of novel PDE protein. 

10 Candidate agents that are tested for binding with novel PDE proteins and/or modulating 
the activity of novel PDE proteins can be randomly selected or rationally selected. As 
used herein, an agent is said to be randomly selected when the agent is chosen randomly 
without considering the specific sequences of the novel PDE protein. Examples of 
randomly selected agents are members of a chemical library, a peptide combinatorial 

1 5 library, a growth broth of an organism, or plant extract. 

As used herein, an agent is said to be rationally selected when the agent is chosen on a 
nonrandom basis that is based on the sequence of the target site and/or its conformation 
in connection with the agent's action. Agents can be rationally selected by utilizing the 
20 peptide sequences that make up the novel PDE protein. For example, a rationally 
selected peptide agent can be a peptide whose amino acid sequence is identical to a 
selected fragment of a novel PDE protein. 

The cellular extracts to be tested for binding with novel PDE proteins and/or modulating 
25 the activity of novel PDE proteins can be, as examples, aqueous extracts of cells or 
tissues, organic extracts of cells or tissues or partially purified cellular fractions. A 
skilled artisan can readily recognize that there is no limit as to the source of the cellular 
extracts used in the screening methods of the present invention. 

30 
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USES OF NOVEL PDE PROTEINS AND ANTIBODIES IN IMMUNOTHERAPY 

The invention provides various immunotherapeutics methods for treating novel PDE - 
associated disorders, including antibody therapy, in vivo vaccines, and ex vivo 
5 immunotherapy approaches. In one approach, the invention provides novel PDE 
antibodies which may be used systematically to treat novel PDE- associated disorders. 

Treatment will generally involve the repeated administration of the antibody preparation via 
an acceptable route of administration such as intravenous injection (IV), at an effective dose. 

10 Dosages will depend upon various factors generally appreciated by those of skill in the art, 
including without limitation the type of disorder and the severity, grade, or stage of the 
disorder, the binding affinity and half life of the mAb or mAbs used, the degree of novel 
PDE protein expression in the subject, the extent of circulating PDE protein, the desired 
steady-state antibody concentration level, frequency of treatment, and the influence of 

15 chemotherapeutic or immune regulating agents used in combination with the treatment* 
method of the invention. Typical daily doses may range from about 0.1 ug/kg to 100 mg/kg. 
Doses in the range of 1-500 mg mAb per week may be effective and well tolerated, although 
even higher weekly doses may be appropriate and/or well tolerated. The principal 
determining factor in defining the appropriate dose is the amount of a particular antibody 

20 necessary to be therapeutically effective in a particular context. Repeated administrations 
may be required. Initial loading doses may be higher. The initial loading dose may be 
administered as an infusion. Periodic maintenance doses may be administered similarly, 
provided the initial dose is well tolerated. 

25 For example, novel PDE antibodies or fragments thereof may be conjugated to a second 
molecule, such as a therapeutic agent (e.g., a cytotoxic agent) resulting in an 
immunoconjugate. The immunoconjugate can be used for targeting the second molecule 
to a novel PDE positive cell, thereby inhibiting the growth of the novel PDE positive cell 
(Vitetta, E.S. et al., 1993 "Immunotoxin Therapy" pp. 2624-2636, in: Cancer: Principles 

30 and Practice of Oncology, 4th ed., ed.: DeVita, Jr., V.T. et al., J.B. Lippincott Co., 
Philadelphia). 
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For example, the therapeutic agents include, but are not limited to, anti-tumor drugs, 
cytotoxins, radioactive agents, cytokines, and a second antibody or an enzyme. Examples 
of cytotoxic agents include, but are not limited to ricin, doxorubicin, daunorubicin, taxol, 
5 ethidium bromide, mitomycin, etoposide, tenoposide, vincristine, vinblastine, colchicine, 
dihydroxy anthracin dione, actinomycin D, diphteria toxin, Pseudomonas exotoxin (PE) 
A, PE40, abrin, and glucocorticoid and other chemotherapeutic agents, as well as 
radioisotopes. Further, the invention provides an embodiment wherein the antibody of 
the invention is linked to an enzyme that converts a prodrug into a cytotoxic drug. 
10 Alternatively, the antibody is linked to enzymes, lymphokines, or oncostatin. 

Use of immunologically reactive fragments, such as the Fab, Fab 1 , or F(ab f )2 fragments is 
often preferable, especially in a therapeutic context, as these fragments are generally less 
immunogenic than the whole immunoglobulin. The invention also provides 
15 pharmaceutical compositions having the monoclonal antibodies or anti-idiotypic 
monoclonal antibodies of the invention, in a pharmaceutical^ acceptable carrier. 

The invention further provides vaccines formulated to contain novel PDE protein or 
fragment thereof. The use of a protein antigen in a vaccine for generating humoral and 
20 cell-mediated immunity is well known in the art and can be readily practiced for 
employing a novel PDE protein or fragments thereof, or a novel PDE- encoding nucleic 
acid molecule and recombinant vectors capable of expressing and appropriately 
presenting the novel PDE immunogen. 

25 Dosages of novel PDE proteins will depend upon various factors generally appreciated by 
those of skill in the art, including without limitation the type of disorder and the severity, 
grade, or stage of the disorder, the binding affinity and half life of the protein used, the 
desired steady-state protein concentration level, frequency of treatment, and the influence of 
chemotherapeutic and/or- immune regulating agents used in combination with the treatment 

30 method of the invention. Typical daily doses may range from about 0.1 ug/kg to 100 mg/kg. 
Doses in the range of 1-500 mg mAb per week may be effective and well tolerated, although 
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even higher weekly doses may be appropriate and/or well tolerated. The principal 
determining factor in defining the appropriate dose is the amount of a particular protein 
necessary to be therapeutically effective in a particular context Repeated administrations 
may be required. 

5 

For example, viral gene delivery systems may be used to deliver a novel PDE- encoding 
nucleic acid molecule. Various viral gene delivery systems which can be used in the 
practice of this aspect of the invention include, but are not limited to, vaccinia, fowlpox, 
canarypox, adenovirus, influenza, poliovirus, adeno-associated virus, lentivirus, and sindbus 

10 virus (Restifo, 1996, Curr. Opin. Immunol. 8: 658-663). Non-viral delivery systems may 
also be employed by using naked DNA encoding a novel PDE protein or fragment thereof 
introduced into the patient (e.g., intramuscularly) to induce an appropriate immune response. 
In one embodiment, the full-length human novel PDE cDNA may be employed. In another 
embodiment, novel PDE nucleic acid molecules encoding specific cytotoxic T lymphocyte 

15 (CTL) epitopes may be employed. CTL epitopes can be determined using specific 
algorithms (e.g., Epimer, Brown University) to identify peptides within a novel PDE 
protein which are capable of optimally binding to specified HLA alleles. 

Various ex vivo strategies may also be employed. One approach involves the use of 
20 dendritic cells to present novel PDE antigen to a patient's immune system. Dendritic cells 
express MHC class I an,d II, B7 costimulator, and DL-12, and are thus highly specialized 
antigen-presenting cells. Dendritic cells can be used to present novel PDE peptides to T 
cells in the context of MHC class I and II molecules. In one embodiment, autologous 
dendritic cells are pulsed with PDE8 peptides capable of binding to MHC molecules. In 
25 another embodiment, dendritic cells are pulsed with the complete novel PDE protein. Yet 
another embodiment involves engineering the overexpression of a novel PDE gene in 
dendritic cells using various implementing vectors known in the art, such as adenovirus 
(Arthur et al., 1997, Cancer Gene Ther. 4: 17-25), retrovirus (Henderson et al., 1996, 
Cancer Res. 56: 3763-3770), lentivirus, adeno-associated virus, DNA transfection (Ribas 
30 et al., 1997, Cancer Res. 57: 2865-2869), and tumor-derived RNA transfection (Ashley et 
al., 1997,1 Exp. Med. 186: 1177-1182). 
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Anti-idiotypic anti-PDE antibodies can also be used in anti-cancer therapy as a vaccine for 
inducing an immune response to cells expressing a novel PDE protein. Specifically, the 
generation of anti-idiotypic antibodies is well known in the art and can readily be adapted to 
5 generate anti-idiotypic anti-PDE antibodies that mimic an epitope on a novel PDE protein 
(see, for example, Wagner et al., 1997, Hybridoma 16: 33-40; Foon et al., 1995, J Clin 
Invest 96: 334-342; Herlyn et al., 1996, Cancer Immunol Immunother 43: 65-76). Such an 
anti-idiotypic antibody can be used in anti-idiotypic therapy. 

1 0 Genetic immunization methods may be employed to generate prophylactic or therapeutic 
humoral and cellular immune responses directed against a novel PDE. Using the novel 
PDE- encoding DNA molecules described herein, constructs comprising DNA encoding a 
novel PDE protein/imunogen and appropriate regulatory sequences may be injected directly 
into muscle or skin of an individual, such that the cells of the muscle or skin take-up the 

1 5 construct and express the encoded novel PDE. The novel PDE8 protein/immunogen may be 
expressed as a cell surface protein or be secreted. Expression of a novel PDE 
protein/immunogen results in the generation of prophylactic or therapeutic humoral and 
cellular immunity. Various prophylactic and therapeutic genetic immunization techniques 
known in the art may be used (for review, see information and references published at 

20 internet address www.genweb.com). 

The invention further provides methods for inhibiting cellular activity (e.g., cell 
proliferation, activation, or propagation) of a cell expressing a novel PDE protein on its 
cell surface. This method comprises reacting the immunoconjugates of the invention 

25 (e.g., a heterogenous or homogenous mixture) with the cell so that the novel PDE or 
antigens on the cell surface forms a complex with the immunoconjugates. The greater 
the number of novel PDE antigens on the cell surface, the greater the number of novel 
PDE- antibody complexes. The greater the number of novel PDE - antibody complexes, 
the greater the cellular activity that is inhibited. A subject with a neoplastic or 

30 preneoplastic condition can be treated in accordance with this method when the inhibition 
of cellular activity results in cell death. 
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A heterogenous mixture includes novel PDE antibodies that recognize different or the 
same epitope, each antibody being conjugated to the same or different therapeutic agent. 
A homogenous mixture includes antibodies that recognize the same epitope, each 
5 antibody being conjugated to the same therapeutic agent. 

The invention further provides methods for inhibiting the biological activity of novel PDEs 
by blocking novel PDEs from binding its respective ligand. The methods comprises 
contacting an amount of novel PDE with an antibody or immunoconjugate of the invention 
10 under conditions that permit a novel PDE- mmunoconjugate or novel PDE- antibody 
complex thereby blocking the novel PDE from binding its ligand and inhibiting the activity 
of novel PDE. 

NOVEL PDE PROMOTERS AND OTHER EXPRESSION REGULATORY 
15 ELEMENTS 

The invention further provides the expression control sequences found 5' of the of the novel 
PDE genes in a form that can be used in generating expression vectors and transgenic 
animals. Specifically, the novel PDE expression control elements, such as the PDE8 or 
20 TbPDE2A/2B/2C/2E promoter that can readily be identified as being 5' from the ATG start 
codon in the PDE8 or TbPDE2A/2B/2C/2E gene, can be used to direct the expression of an 
operably linked protein encoding DNA sequence. A skilled artisan can readily use the novel 
PDE gene promoter and other regulatory elements in expression vectors using methods 
known in the art. 

25 

GENERATION OF TRANSGENIC ANIMALS 

Another aspect of the invention provides transgenic non-human mammals comprising novel 
PDE nucleic acids. For example, in one application, novel PDE-deficient non-human 
30 animals can be generated using standard knock-out procedures to inactivate a novel PDE 
homologue or, if such animals are non-viable, inducible novel PDE homologue antisense 
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molecules can be used to regulate novel PDE homologue activity/expression. Alternatively, 
an animal can be altered so as to contain a novel PDE - encoding nucleic acid molecule or 
an antisense- novel PDE expression unit that directs the expression of novel PDE protein or 
the antisense molecule in a tissue specific fashion. In such uses, a non-human mammal, for 
5 example a mouse or a rat, is generated in which the expression of the novel PDE homologue 
gene is altered by inactivation or activation and/or replaced by a novel PDE gene. This can 
be accomplished using a variety of art-known procedures such as targeted recombination. 
Once generated, the novel PDE homologue deficient animal, the animal that expresses novel 
PDE (human or homologue) in a tissue specific manner, or an animal that expresses an 
10 antisense molecule can be used to (1) identify biological and pathological processes 
mediated by the novel PDE protein, (2) identify proteins and other genes that interact with 
the novel PDE proteins, (3) identify agents that can be exogenously supplied to overcome a 
novel PDE protein deficiency and (4) serve as an appropriate screen for identifying 
mutations within the novel PDE genes that increase or decrease activity. 

15 

For example, it is possible to generate transgenic mice expressing the human minigene 
encoding PDE8A or PDE7A, or TbPDE2A/2B/2C/2E in a tissue specific-fashion and test 
the effect of over-expression of the protein in tissues and cells that normally do not contain 
the these novel PDE proteins. This strategy has been successfully used for other genes, 
20 namely bcl-2 (Veis et al. Cell 1993 75:229). Such an approach can readily be applied to a 
novel PDE protein/gene and can be used to address the issue of a potential beneficial or 
detrimental effect of the novel PDE proteins in a specific tissue. 
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COMPOSITIONS 

The invention provides a pharmaceutical composition comprising a novel PDE nucleic 
5 acid molecule of the invention or an expression vector encoding a novel PDE protein or 
encoding a fragment thereof and, optionally, a suitable carrier. The invention additionally 
provides a pharmaceutical composition comprising an antibody or fragment thereof 
which recognizes and binds a novel PDE protein. In one embodiment, the antibody or 
fragment thereof is conjugated or linked to a therapeutic drug or a cytotoxic agent. 

10 

Suitable carriers for pharmaceutical compositions include any material which when 
combined with the nucleic acid or other molecule of the invention retains the molecule f s 
activity and is non-reactive with the subject's immune systems. Examples include, but 
are not limited to, any of the standard pharmaceutical carriers such as a phosphate 

1 5 buffered saline solution, water, emulsions such as oil/water emulsion, and various types 
of wetting agents. Other carriers may also include sterile solutions, tablets including 
coated tablets and capsules. Typically such carriers contain excipients such as starch, 
milk, sugar, certain types of clay, gelatin, stearic acid or salts thereof, magnesium or 
calcium stearate, talc, vegetable fats or oils, gums, glycols, or other known excipients. 

20 Such carriers may also include flavor and color additives or other ingredients. 
Compositions comprising such carriers are formulated by well known conventional 
methods. Such compositions may also be formulated within various lipid compositions, 
such as, for example, liposomes as well as in various polymeric compositions, such as 
polymer microspheres. 

25 

The invention also provides a diagnostic composition comprising a novel PDE nucleic 
acid molecule, a probe that specifically hybridizes to a nucleic acid molecule of the 
invention or to any part thereof, or a novel PDE antibody or fragment thereof. The 
nucleic acid molecule, the probe or the antibody or fragment thereof can be labeled with a 
30 detectable marker. Examples of a detectable marker include, but are not limited to, a 
radioisotope, a fluorescent compound, a bioluminescent compound, a chemiluminescent 
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compound, a metal chelator or an c:„.yme. Further, the invention provides a diagnostic 
composition comprising a novel PDE- specific primer pair capable of amplifying novel 
PDE- encoding sequences using polymerase chain reaction methodologies, such as RT- 
PCR. 

5 

EXAMPLES 

The following examples are presented to illustrate the present invention and to assist one 
of ordinary skill in making and using the same. The methodology and results may vary 
10 depending on the intended goal of treatment and the procedures employed. The examples 
are not intended in any way to otherwise limit the scope of the invention. 

EXAMPLE 1 

1 5 The following example provides the method used for PDE8A sequence determination. 

The complete N-terminus of PDE8A was obtained as follows. The truncated human 
PDE8A was previously published (Leun 7 -end) (Fisher, D. A., Smith, J. F., Pillar, J. S., 
StDenis, S. H., and Cheng, J. B. (1998) Biochem. Biophys. Res. Commun. 246, 570-577). 

20 Using primers synthesized to the known sequence, the sequence of PDE8A was extended 
to Gly 58 using 5 'RACE (Clontech, Palo Alto, CA) of a preparation of mRNA from 
stimulated CD4+ T cells. 3' RACE confirmed the previously published human PDE8A 3' 
sequence. BLAST (Basic Local Alignment Search Tool) (Altschul, S.F., Gish, W. et al. 
(1990) J. Mol Biol 215, 403-10) was used to search the human EST database using the 

25 published human PDE8A sequence as query. An EST clone (AI474074) was purchased 
from Genome Systems (St. Louis, MO) and sequenced. Sequencing was performed using 
an ABI Prism Model 377 sequencer and BigDye terminator cycle sequencing kit (Perkin- 
Elmer, Foster City, CA). Sequencing reactions were purified using centri-sep columns 
(Princeton separations, Adelphia, NJ). Sequences were assembled using the program 

30 Sequencher 3.0 (Gene Codes, Ann Arbor, MI). The clone contained the complete N- 
terminus which overlapped with both the published sequence and the RACE determined 
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sequence (Figure 1 A). This sequence is very similar to the N-terminus of the published 
mouse PDE8A sequence (Soderling, S. H„ Bayuga, S. J., and Beavo, J. A. (1998) Proc. 
Natl Acad. Sci. USA 95, 8991-8996), although there is a small area of difference 
indicating the possibility of more splice variants (Figure IB). The 5' end was further 
5 confirmed by immunoblotting of CD4+ T cells with a peptide antibody (PIL9) 
corresponding to the first 15 residues of mouse PDE8A. The PAS/PAC motif of PDE8 
was identified by Hidden Markov Modeling search (Schuler, G.D., Altschul, S.F., 
Lipman, D.J. (1991) Proteins 9:180-190) of the Simple Modular Architecture Research 
Tool (SMART) database (Ponting, CP., Schultz, S.F. et al. (1999) Nucleic Acids Res. 27, 

10 229-32). Homology of PDE8 N-terminus to other PAS/PAC containing proteins was 
detected by Position-Specific Iterated BLAST (PSI-BLAST) searches of the 
nonredundant GenBank database and by use of the Multiple Alignment Construction and 
Analysis Worldbench (MACAW (Schuler, G.D., Altschul, S.F., Lipman, DJ. (1991) 
Proteins 9:180-190). The nucleotide sequence of PDE8A shown in Figure 1A encodes 

15 for a protein of 829 amino acids. This sequence is highly homologous to the mouse 
PDE8A sequence (Soderling, S. et al. (1998) J Biol Chem 273, 15553-15558.). However, 
there is a stretch of about 50 residues where the sequence diverges from the mouse 
PDE8A sequence (Figure IB). This may be a species difference, or may indicate the 
presence of splice variants. Two additional variants of PDE8A were also obtained. The 

20 nucleotide and amino acid sequences of these PDE8A variants are shown in Figures 33 
and 34. The presence of the predicted N-terminal sequence in CD4+ T cells and a human 
T cell line, Hut78, was further confirmed by Western blot analusis with antibody PIL9 
which is specific for the mouse PDE8A (see below). 

25 EXAMPLE 2 

The following Example describes the method for the detecting the presence of PDE8A in 
human CD4 + T cells. 

30 Peripheral blood mononuclear cells were isolated from one human buffy coat (50 mL) by 
centrifugation through a layer of Ficoll-Paque Plus (2000 rpm, 30 min). Cells from the 
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interface were removed and further purified by negative selection. CD4 ' T cells were 
usually isolated using a mixture of monoclonal antibodies (CD8, CD16, CD20, CD25 and 
HLADr) and goat anti-mouse IgG conjugated to magnetic beads according to the 
manufacturers protocol (Dynal, Lake Success, NY). In some cases the CD4 + T cell 
5 isolation kit was used in combination with the CD69 microbead kit (to remove activated 
cells). The labeled cells were removed by passage through a CS column (Miltenyi 
Biotec, Auburn, CA) placed in a magnetic field. The CD4 + T cells passing through the 
column (at least 98% pure as determined by FACS analysis) were resuspended in 
RPMI/10% FBS/pen/strep/glutamine medium. The cells were stimulated as follows. 
10 Plates (Corning, Acton, MA) were precoated with goat anti-mouse IgG (10 |!g/mL) for 2 

hours at 37°C and then washed with PBS. Cells were added to the plate together with 
CD3 (0.01 |ig/mL) and CD28 (0.1 ug/mL) monoclonal antibodies and were harvested at 
various time points. The presence of PDE8A protein and RNA in activated CD4 + T cells 
was detected by Western blotting and RT-PCR (see example 3). The present invention 
15 has shown for the first time that PDE8A is present in a pure preparation of activated 
human CD4 + T cells an J more importantly that it is not present at detectable levels in the 
non activated cells. This in turn supports the idea that induction of this PDE is important 
to the activation and function of T cells. 

20 EXAMPLE 3 

The following example provides the method of detection of PDE8A and PDE7A1 by 
Reverse Transcription-PCR analysis. 

25 RNA was isolated from the cytoplasm of CD4+ cells using the Qiagen RNeasy kit 
(Qiagen, Valencia, CA) and cDNA was synthesized using the Promega reverse 
transcription system. PCR was performed using 1 \xL of undiluted or serially diluted 

cDNA and gene specific primers for 35 cycles (94°C, 1 min., 55°C, 1 min., 72°C, 2 
min.). The primers used had the following sequences: 

30 
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7Alpl: GATATTTGTAACCCATGTCGGACG (SEQ ID NO.: 17) and 
7Alp2: GAAAGCTTGGCGGTACTCTACGAT (SEQ ID NO.: 18) 

5 7A3p 1 : ACGCAGGAATTCTTCCATCAAGGAG AT (SEQ ID NO.: 1 9) and 
7A3p2: AGCTTCCACATGAGCGAATAATGGATT (SEQ ID NO.: 20) 

8Apl : GTAATGCCTTTCAATTCTGCTGGATTTACA (SEQ ID NO.: 21) and 
SAp2: ACGAGTGTCAGACTGAA-CACATTCGGATAT (SEQ ID NO.: 22) 

10 

It was previously shown that PDE7A is essential for T cell activation and becomes 
upregulated during T cell activation (Li, L., Yee, C, and Beavo, J. A. (1999) Science 
283, 848-851). There is; however, a small amount of basal PDE7A. This amount varies 
depending on the donor as well as the method of preparation of CD4 + cells. The method 

15 of preparation using the monoclonal antibodies and anti-mouse magnetic beads is 
preferred since the CD4 + T cell isolation kit leads to activation of T cells as measured by 
the presence of PDE7A. PDE7A becomes upregulated early with a distinct difference in 
levels shown as early as 1 hour after stimulation. The PDE8A becomes upregulated later 
reaching a maximum between 8 and 16 hours. The time course shown in Figure 2A is 

20 very likely quantitative as the right panel with dilutions of cDNA demonstrates that the 
signal is linear under the conditions used in this method. Similar to PDE7A (Li, L., Yee, 
C, and Beavo, J. A. (1999) Science 283, 848-851), both CD3 and CD28 are required for 
PDE8A upregulation (Figure 2B). The effect of inhibitors on upregulation of PDE8A is 
shown in Figure 2C and 2D. PP2 is an inhibitor of Ick kinase (Hanke, J. H., Gardner, J. 

25 P., Dow, R. L., Changelian, P. S., Brissette, W. H., Weringer, E. J., Pollok, B. A., and 
Connelly, P. A. (1996) J. Biol Chem. Ill, 695-701). Lck kinase activation and 
subsequent tyrosine phosphorylation is an important first step in T cell activation 
(Veillette, A., Bookman, M. A., Horak, E. M, Samelson, L. E., and Bolen, J. B. (1989) 
Nature 338, 257-259). Figure 2C shows that PP2 leads to reduction of PDE7A 

30 upregulation I hour after stimulation. The PDE8A activity is also greatly reduced. Li et 
al. (Li, L., Yee, C., and Beavo, J. A. (1999) Science 283, 848-851) have shown that a 
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PDE7A antisense S-oligo has a large effect on proliferation of T cells and also reduces 
PDE7A RNA levels to some extent. Figure 2D shows that the PDE7A antisense oligo 
also has an effect on PDE8A upregulation by delaying the time course of upregulation. 

5 The data from these inhibitor studies suggests that upregulation of PDE8A is dependent 
upon earlier upregulation of PDE7A. The data further suggests that inhibiting the 
upregulation of PDE7A, which occurs at an early time point, also has an effect on 
inhibiting the upregulation of PDE8A. 

10 EXAMPLE 4 

The following example provides the method for the characterization of PDE8A, PDE7A1 
and PDE7A3 by Western blot analysis. 

15 CD4" f T cells were stimulated and isolated at various time points. Cells (5 x 10^) were 
harvested by centrifugation and resuspended in 20 jjL 20 mM Tris pH7.5. The cells were 
sonicated, SDS sample buffer was added and the samples were boiled. The samples were 
run on SDS-gels (8% acrylamide) and blotted onto PVDF membrane. Membranes were 
blocked with blocking buffer (10 mM Tris pH7.5, 100 mM NaCl, 0.2% Tween 20, 3% 

20 non-fat milk). PDE7A and PDE8A monoclonal or polyclonal primary antibodies, and 
anti-mouse IgM or anti-rabbit IgG HRP conjugated secondary antibodies, were each 
incubated with the blot for 1 hour. The blot was developed using SuperSignal 
Chemiluminescent substrate (Pierce, Rockford, IL) and exposure to X-ray film. 

25 Western blot analysis (Figures 3 and 1 1) was performed using a time course of CD4 + T 
cell activation. PDE7A (P5H7) and PDE8A (P4G7A) monoclonal antibodies were 
obtained from hybridoma cell lines developed by injecting mice with a GST fusion 
protein of the C-terminal 100 residues of PDE7A or a thioredoxin fusion of a PAS 
domain of PDE8A respectively. In addition, a peptide antibody specific for the N- 

30 terminus of mouse PDE8A (PIL9: MGCAPSIHTSENRTF (SEQ ID NO.: 23) or the C- 
terminus of human PDE8A (PIL13: KGLDEMKLRNLRPPPE (SEQ ID NO.: 24) was 

69 



BNSDOCID: <WO 0222661A2_I_> 



WO 02/22661 



PCT/US01/28503 



used. The. PDE7A3 peptide polclonal antibody is specific for C-terminus (6976: 
QIGNYTYLDIAG (SEQ ID NO.: 25). The N-terminus contains a FLAG tag and has the 
following sequence: MDYKDDDDKGSYNMEW^GI (SEQ ID NO.: 26). The 
underlined sequence is the start of the PDE8A1 which is residue E285 using the 
5 numbering shown in Figure 1A. For PDE7A blots, a biotinylated monoclonal antibody 
for PDE7A (P5H7) and a strepavidin horseradish peroxidase conjugate were used. 

As hown in Figure 6, both of the PDE8A antibodies (P4G7 and PIL13) recognize a band 
of the same size which migrates at approximately 100 kDa, similar to the predicted 
10 molecular weight of 93,235 Da for PDE8A. 

The PDE7A1 band migrates at 55kDa (Figure 11). One of the problems encountered 
when detecting upregulation of PDE7A1 in CD4+ T cells by Western blot is due to the 
fact that cells are stimulated with antibodies to CD3 and CD28 which remain in cell 
15 extract and are detected by secondary antibody in Western blots. The heavy chain of 
these antibodies migrates at about 55 kDa which is the same size as PDE7A1. Therefore, 
the PDE7A1 Western blot analysis was performed with biotin-cinjugated monoclonal 
antibody and strepavidin-horseradish peroxidase. 

20 A Western blot using the monoclonal antibody P4H7 and a goat anti-mouse-kappa- 
horseradish peroxidase cnojugate shoes both PDE7A1 (upper band, Figure 11, bottom 
panel) and PDE7A3 (lower band, Figure 11, bottom panel). Further, a polyclonal 
antibody to the C-terminal peptide of PDE7A3 (6976) and a goat-anti-rabbit IgG 
horseradishperoxidase conjugate were used for the PDE7A3 blot, and a single band for 

25 PDE7A3 was detected (Figure 1 1, third panel). 

The Western blot data (Figure 3 and 1 1) further confirms that in CD4 + T cells, the protein 
levels of PDEs 8 A, and 7A are also upregulated after CD3 and CD28 stimulation. 

30 
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EXAMPLE 5 

This example shows that PDE8A is involved in T cell proliferation and the T cell 
proliferative activity is reduced if PDE8A can be inhibited by antisense molecules. 

5 

A 96 well plate was precoated with goat anti-mouse IgG (10 |ig/mL in PBS). CD4 + cells 
were seeded at 100000 cells/well in 200 nL medium and stimulated with 0.2 ng/mL CD3 
and 0.2 ^ig/mL anti CD28 antibodies. The cells were incubated for 2-3 days at 37°C at 
which point ljiCi 3 H-thymidine/well was added. The cells were grown an additional 16 
10 hours and then harvested with a PHD cell harvester. Ultima Gold scintillation fluid 
(Packard) was added to the filter paper disks and 3H-thymidine incorporation into cells 
was measured by scintillation counting. In some cases antisense oligos were added at the 
time of stimulation and their effect on T cell proliferation was examined. 

15 The PDE7A and PDE8A both inhibited T cell proliferation (Figure 4). Under the 
conditions used, the 7A-AS sequence (PDE7A specific antisense) inhibited T cell 
proliferation about 50% while the PDE8A antisense sequence inhibited T cell 
proliferation about 30%. It has been previously shown that antisense inhibitors of PDE7A 
can almost completely inhibit T cell proliferation. The paper of Li et al. (Li, L., Yee, C, 

20 and Beavo, J. A. (1999) Science 283, 848-51) showed about 90% inhibition of 
proliferation of CD4+ T cells. Data shown here suggests that a PDE8A inhibitor may 
have less of an effect on T cell proliferation since the upregulation of PDE8A is at a later 
time point and there are other pathways involved in proliferation. A possible advantage of 
PDE8A inhibitor over a PDE7A inhibitor may be that it would be able to slow down T 

25 cell proliferation but not knock it out completely. This could have substantial therapeutic 
advantage, as it may be less likely to compromise the immune system. 
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EXAMPLE 6 

The following example describes that the PDE8A activity that is expressed on a human 
CD4 + T cell line hut78 is distinct from that of recombinantly expressed PDE8A in terms 
5 of sensitivity to inhibitors. 

Since pure CD4 + T cells can only be obtained in limited quantities, a human CD4 + T cell 
line, hut78 5 (ATCC, Manassas, VA), was used to study the activity of PDE8A. Hut78 
cells (2 x 10 s ) were resuspended in 20 mM Tris pH 7.5 buffer containing protease 

10 inhibitors (Boehringer Mannheim, Indianapolis, IN) and sonicated. The supernatant was 
removed after centrifugation at 15000xg for 10 minutes and applied to a Mono Q column 
attached to a Rainin Dynamax HPLC system (Ameryville, CA). A NaCl gradient (0- 
0.8M) was passed through the column and 250 uL fractions were collected. The fractions 
were assayed for activity using either 1 \xM or 0.01 (iM cAMP as substrate and the 

1 5 indicated concentration of inhibitor (Figure 5). Western blot analysis was also performed 
(lO^L/well) using PDE7A or 8 A antibodies. 

As shown in Figure 5 A, there are two main peaks of PDE activity as measured with 1 |iM 
cAMP as substrate. It has been previously shown that two peaks contain PDEs 7 and 4 

20 respectively (Bloom, T. J. and Beavo, J. A. (1996) Proc. Natl Acad. Scl USA 93, 14188- 
14192; Ichimura, M. and Kase, H. (1993) Bioch. Bioph Res. Comm. 193, 985-990). 
When the fractions were assayed with 0.01 |iM cAMP, only one peak was seen (Figure 
5B). At this low concentration, there is negligible contribution to activity by PDE4 and' 
only low Km PDEs are detected. This peak was resistant to rolipram but sensitive to 

25 IBMX. Western blot analysis across the peak showed that it was actually made up of 
PDE8A in the front part of the peak and PDE7A in the back part of the peak. (Figure 5C). 
Two or three of the fractions contained only PDE8A and the activity of those fractions 
that contained only PDE8A was also inhibited by IBMX. This was not predicted to be the 
case as the recombinant expressed PDE8A has been shown to be resistant to IBMX 

30 (Fisher, D. A., Smith, J. F., Pillar, J. S., StDenis, S. H., and Cheng, J. B. (1998) Biochem. 
Biophys. Res. Commun. 246, 570-577). 
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These results suggest that the PDE8A as it is expressed in the activated T cells may be in 
a form which is sensitive to IBMX, different from the recombinant form of PDE8A. To 
address this question, PDE8A from hut78 cells was immunoprecipitated and the 
5 immunoprecipitated activity was assayed with 0.01 \iM cAMP in the presence of 
different concentration of IBMX (See example 7). This result strongly implies that the 
activated recombinant PDE8A or that isolated from cells expressing the activated forms 
but not normally expressed recombinant PDE8A is the most appropriate target for drug 
screening. 

10 

EXAMPLE 7 

The following example describes immunoprecipitation of PDE8A and shows that the 
biochemical activity of PDE8A localizes with the immunoprecipitated protein. 

15 

From the experiments discussed in Example 6, it seemed likely that PDE8A as it is 
expressed in the activated human T cell line may be in a form that is sensitive to IBMX, a 
different form from the recombinant form. In an attempt to verify this result, 
immunoprecipitation of PDE8A was performed. 

20 

Hut78 or CD4+ cells were harvested at various points after stimulation with CD3 and 
CD28 antibodies. Cells were resuspended in IP buffer (20 mM Tris pH7.5, 100 mM 
NaCl, 1 mM benzamidine, lpg/mL leupeptin, 1 jig/mL pepstatin, 50 mM NaF, 2 mM 
EDTA) and sonicated. The cells were centrifiiged at 15000xg for 10 minutes. The 

25 supernatant was precleared for 2 hours with 0.5 |ig mouse IgG and 10 |oL protein-G 
agarose (Santa Cruz Biotechnology, Santa Cruz, CA). PDE8A monoclonal antibody was 
preloaded onto 10 \xL protein G-agarose and added to the precleared supernatant. The 
immunoprecipitations were agitated overnight at 4°C and the beads washed three times 
with IP buffer containing 1M NaCl followed by one wash with IP buffer. The beads 

30 were assayed for activity with 0.01 \M cAMP in the presence or absence of IBMX. 
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The results shown in Figure 6A and 6B demonstrate that PDE8A activity from hut78 
CD4 + T cells is IBMX sensitive and increases after stimulation. Hut78 cells were 
immunoprecipitated with a PDE8A monoclonal antibody, and the precipitated activity 
was assayed in the presence or absence of IBMX (figure 6A). The IC 50 value was 
5 determined to be 13 (Figure 6A). Figure 6B shows that immunoprecipitated activity 
of PDE8A from CD4 + T cells increases after activation. This increase in activity could be 
inhibited by IBMX. 

EXAMPLE 8 

10 

The following example shows that trypsin digestion of recombinant PDE8A results in 
increased sensitivity to IBMX. 

To determine mechanism by which PDE8A might show an increased sensitivity to 
15 inhibitors, limited trypsin digestion of sf9 expressed PDE8A was performed. Briefly, 

human PDE8A was expressed in Sf9 cells (ATCC, Manassas, VA). This PDE8A was 

already N-terminally truncated at position 285. The supernatant (10 6 cells/digestion) was 

isolated and digested with the indicated amounts of trypsin at the indicated times at 30°C. 

The digestion was stopped with a 100-fold excess of soybean trypsin inhibitor. The 
20 activity was assayed with 1 cAMP. In some cases IBMX was added. The digested 

PDE8A was analyzed by Western blot analysis using a peptide antibody specific to the C- 

terminus (PIL13) or the P4G7 monoclonal antibody. 

The results of this experiment shown in Figures 6, 7 and 13, show that the PDE activity 
25 (Vmax) can be increased up to 3 fold after trypsin digestion. The inset below the graph 
shows Western blotting of samples using either a C-terminal antibody (PEL 13) or the 
PAS domain antibody (P4G7), which recognizes the N-terminus of this construct. The 
PIL13 blot shows that the N-terminus becomes digested with 0.1 jag trypsin and the 
epitope is cleaved from the C-terminus with 1 jig trypsin. It is possible that PDE8A has a 
30 C-terminal inhibitory domain and activity increases after this is cleaved. Figure 7B shows 
that the digested PDE8A had a differing sensitivity to IBMX. At 1 jiM IBMX, the 
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activity of undigested PDE8A was unchanged while trypsin digested PDE8A retained 
only 40% of its activity.' While the undigested PDE8A was resistant to BMX inhibition, 
the trypsin digested PDE8A was inhibited by BMX with an IC50 of approximately 200 
fiM (Figure 13B). The Km of trypsin digested PDE8A was increased about four fold 
5 from 0.07 \iM to 0.29 jiM. In order to evaluate BMX sensitivity of PDE8A in T cells, 
immunoprecipitation of PDE8A from Hut78 cell line, was performed. As shown in 
Figure 13B, PDE8A was inhibited by IBMX with an IC50 of 39 fxM. The Km of 
immunoprecipitated PDE8A was 0.18 \M. Figures 6B and 13C show that 
immunoprecipitaed activity of PDE8A from CD4+ T cells increases after activation. 

10 

From the experiments discussed in Examples 6, 7 and 8, it appears that PDE8A activity 
in CD4 + T cells is distinct from that of the recombinant PDE8A protein in its 
susceptibility to inhibitors. This invention further shows that even the recombinant 
PDE8A when treated with trypsin demonstrates an increased sensitivity to BMX. 

15 Therefore, it is possible that PDE8A in T cells may be modified in some way, for 
instance by phosphorylation or binding of a ligand to its PAS domain. It may also be a 
part of a complex with other proteins. These modifications may decrease the affinity for 
cAMP and thereby may make it more susceptible to BMX inhibition. This raises an 
interesting possibility that inhibitors which were previously not considered to be useful 

20 for PDE8A may actually be effective in vivo. A somewhat similar observation has been 
seen previously for PDE4A which had a 17 fold lower IC50 for rolipram when 
complexed with a Lyn-SH3 domain (McPhee, I., Yarwood, S. J, Scotland, G, Huston, 
E., Beard, M. B., Ross, A. H., Houslay, E. S., and Houslay, M.D. (1999) J. Biol Chem. 
274, 11796-11810) and PDE4D which has an 8 fold lower IC50 for tolipram when 

25 activated by PKA phosphorylation at Serine 54. 



EXAMPLE 9 



The following Example describes a new PDE7A splice variant, PDE7A3 and 
30 demonstrates that PDE7A3 is upregulated in CD4+ T cells at alater time point than 
PDE7A1. 
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The PDE7A3 sequence was obtained by performing RACE of a preparation of mRNA 
from 16 hour stimulated CD4 + T cells. 3' and 5' RACE were performed using the 
SMART RACE cDNA amplification kit (Clontech) and a pair of nested gene specific 
5 primers. RACE PCR products were cloned into a pCRII-TOPO vector (Invitrogen) and 
sequenced as discussed in Example 1. The new sequence information was obtained with 
3' RACE which demonstrated that PDE7A3 is a C-terminal splice variant. Additionally, 
PDE7A1 N-terminal sequence was obtained using 5' RACE and confirmed that this 
belonged to the PDE7A3 C-terminus by RT-PCR which amplified the whole PDE7A3 
10 sequence. The nucleotide and amino acid sequence of PDE7A3 are shown in Figures 8 A 
and 8B respectively. In addition, another variant of PDE7A3 was obtained and had the 
nucleotide and amino acid sequences as shown in Figure 35. 

A new 3' splice variant of PDE7A was isolated in CD4 + T cells by 3'RACE using known 

15 7A1 sequence (Bloom, T. J. & Beavo, J. A. (1996) Proc Natl AcadSci USA 93, 14188- 
14192). The new variant is designated PDE7A3. The nucleotide sequence of PDE7A3. 
shown in Figure 8A encodes a protein of amino acids. The predicted amino acid sequence 
pf PDE7A3 is shown in Figure 8B. The Figure 9A shows a C-terminal alignment 
between PDE7A1 and PDE7A3. The sequence of PDE7A3 diverges at position G415 

20 (PDE7A1 numbering) leading to a truncation immediately after the catalytic domain. We 
have determined that PDE7A3 has the same N-terminus as PDE7A1 by amplifying the 
entire sequence by RT-PCR. Figure 9B shows the relationship of PDE7 A3 to the other 
PDE7A splice variants. Figure 9C is a Northern blot using a 7A3 probe. This probe is 
able to react with all splice variants of PDE7A because of the small amount of sequence 

25 difference between them. These results are similar to the results of Li et. al. 
(Pathobiology (1995) 63, 175-87) who used a PDE7A1 probe. PDE7A1 mRNA is the 
most abundant PDE7A variant in the tissues tested and has a transcript size of 4.2 kb. 
PDE7A2 is highly expressed in skeletal muscle and heart with a transcript size of 3.8 kb. 
The PDE7A3 transcript is smaller at about 3.0 kb and is expressed in heart and skeletal 

30 muscle. Faint bands are also seen in spleen, thymus, testis and peripheral blood 
leukocytes. Further, PDE7A3 is present in testis, skeletal muscle, CD4 + T cells, CD8 + T 
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cells, B cells and the cell lines, Hut'? and Jurkat, as confirmed by sequencing RT-PCR 
products. The fact that only a faint band is seen in the peripheral blood leukocyte 
fraction on the Northern blot is probably due to the fact that PDE7A3 is upregulated at a 
late time point after cell stimulation. 

5 

PDE7A3 RNA (Figure 10) and protein (Figure 11) are both upregulated in CD4 + T cells 
after stimulation. The band reacting with the PDE7A3 specific polyclonal antibody 
(Figure 11) becomes upregulated at a late time point and migrates at approximately 50 
kDa. This is close to the predicted molecular weight of 48.8 kDa. Western blot analysis 
10 was also performed with the PDE7A monoclonal antibody followed by an anti-kappa 
light chain secondary antibody. The bands were very faint due to the lower level of 
amplification of the antibody signal, but the 7A blot (lower panel of Figure 11) showed 
that two bands were upregulated. The top band migrates at the position of PDE7A1, 
55kDa, while the bottom band migrates at the position of PDE7A3, 50 kDa. 

15 

PDE7A3 eluted in a part of the monoQ HPLC profile that had very low activity (Figure 
12C). A band at about 50kDa was detected with both the PDE7A monoclonal antibody 
and with the 7A3 peptide antibody. Further, PEDE7A3 expressed in sf9 cells has very 
low level of activity compared to PDE7A1. 

20 

The gene for human PDE7A is found on chromosome 8 and the PDE7A3 C-terminus and 
3' untranslated regions mapped to sequence AC055822. 

EXAMPLE 10 

25 

The following example descibes the yeast two hybrid screening assay for detecting 
PDE8A protein/protein interaction in vivo. 

The yeast two hybrid screening assay (S. Fields and O.K. Song, Nature 340:245-246, 
30 (1989), a genetic assay for the detection of protein/ protein interactions in vivo, was used 
to detect and identify molecules involved in protein/protein interaction with PDE8A. 
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This assay is based on the observation that transcriptional activators contain two distinct 
domains, a DNA binding domain, which binds DNA promoter elements and an activator 
domain that recruits the transcriptional machinary necessary to stimulate transcription. 
Each domain may be seperated and fused with heterologous proteins. If the heterologous 
5 proteins interact with each other, then this interaction will bring together the DNA 
binding domain and activation domain such that transcription is initiated. By assaying 
for the transcription for two reporter genes in yeast (LacZ which imparts a blue color to 
positive yeast in the presence of X-gal, and His3, which allows positive yeast to grow on 
plates lacking histidine) libraries of proteins fused to the activation domain can be 
10 screened with a bait protein fused to the DNA binding protein. Library clones containing 
interacting proteins are identified from yeast that are positive for both selectable markers. 

As the PAS/PAC domain has been described as a protein/ protein interaction domain (N. 
Gekakis, L. Saez Science 270(5237): 811-5 (1995)), the N-terminus of murine PDE8, 

15 containing the PAS/PAC domain was subcloned into the LexA DNA binding domain 
vector pBTMl 15 (referred to as PDE8/LexA). The yeast strain L40 was co-transformed 
with PDE8/LexA and a cDNA library from testis (Clontech, Palo Alto, CA) using the 
lithium acetate method according to the instructions of the manufacturer (Clontech, Palo 
Alto, CA). Yeast were selected for growth in the absence of histidine and assayed for the 

20 LacZ activation by filter lifts using "Z-buffer" according to the Clontech yeast two- 
hybrid assay protocol. From the initial screen, 414 positive yeast colonies were picked. 
These clones were then put through a high stringency screen by streaking each colony 
onto plates lacking histidine and containing the competitive HIS3 inhibitor 3-AT. At this 
concentration of 3-AT only strongly interacting proteins retain the ability to grow in the 

25 absence of histidine. This high stringency screen identified 78 "high affinity" interacting 
proteins. These 78 clones were sequenced and found to contain several PDE8 interacting 
proteins, two of which were repesented multiple times by independent cDNA clones. 

As shown in Table 1, a total of 45 cDNA clones identified in the PDE8 two-hybrid screen 
30 were identified as the LC8 or PIN protein. LC8/PIN (dynein 8kDa light chain) is a 
component of the dynein motor complex which is activated by PKA (R.I. Stephens, G. 
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Prior, J Cell Sci 103, (1992)) and also binds stoichiometrically to and inhibits the 
function of nitric oxide synthase (S.E. Benashski, et al., J Biol Chem 272, (1997), P. 
Crepieux, et al., Mol Cell Biol 17, (1997)) (Figure 14). Thus LC8/PIN may function to 
localize and or modulate the function of PDE8. 

5 A second abundant cDNA type (identified in 8 cDNA clones) corresponds to a novel 
protein identified as a partial cDNA in Genbank as "KIAA0898" (Table 1). KIAA0898 
is a multidomain protein, containing a RING domain, a B-box domain, and a 
merpin/TRAF homology domain (MATH domain). RING and B-box domains often 
occur together, are thought to serve protein/ protein interactions and the cordinated 

10 binding of zinc, and may be involved in regulating protein degradation via the 
ubiquitination pathway (KL. Borden, Biochem Cell Biol 1998;76(2-3):351-8; P.S. 
Freemont, Curr Biol 2000 Jan 27;10(2):R84-7) (Figure 8). The MATH domain has an 
unknown function, however it is conserved between the metalloprotease Merpin and the 
Tumor Necrosis Factor Receptor Associated Factor (TRAF) (A.G. Uren, D.L. Vaux, 

15 Trends Biochem Sci 1996 JuI;21(7):244-5) suggesting it may play a role in regulating cell 
survival or death. 



Table 1 



Yeast Two Hybrid Screen 


Protein Family 


# of clones 


LC8/PIN 


30 


1 LC8/PIN (Novel) 


15 


KIAA0898 


8 



20 EXAMPLE 11 

The following Example describes the cloning, sequence, expression and characterization 
of a cAMP specific PDE (TbPDE2B) from Trypanosoma brucei. 

25 
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MATERIALS AND METHODS 

Database Searching. The amino acid sequences of mammalian PDEs (PDEsl to 10) 
were used as queries to search the EST database. The program used was the Basic Local 
5 Alignment Search Tool (BLAST) (Altschul S.F. et al, J. Mol Biol. 1990; 215: 403-10.), 
accessed from the database search and analysis "Search Launcher" Smith R.F. et 
al.,.Genome Res. 1996; 6: 454-62). 

Other Databases or Programs. The GAF and catalytic domain boundaries were 
10 identified both by Hidden Markov Modeling searches of the Simple Modular 
Architecture Research Tool (SMART) database, and PFAM: Multiple alignments and 
profile HMMs of protein domains Release 5.1 (Washington University, St. Louis). 
Alignment of GAF domains were constructed by using CLUSTAL W 1.8 and refined by 
visual alignment of known signature sequences. Pairwise sequence alignments were 
15 made using the SIM-Local Similarity Program accessed from the BCM search launcher. 
For K m calculations enzyme activity data were analyzed with the GraphPad PRISM 
program (GraphPad Software, San Diego, CA) using the one site nonlinear regression fit. 

Primers. Primers were designed using the program AMPLIFY[21] and were purchased 
20 from Operon Technologies (Alameda, CA). Their sequences and designations are as 
follows: 



AA06.1S (GGAGCTGTTCCAAACCTTCTCTATGTTTG) , (SEQ ID NO.: 27) 

AA06.2S (CTGGCGCCTCACTACGTAACTGTCGTATC) , (SEQ ID NO.: 28) 

25 AA06.1as (GTTGTTTGTCAACTCACGGTTGAAGCG) , (SEQ ID NO.: 29) 

AA0 6 . 2As { CCTGGTACGCGTCCTGAATATTCTCACC ) , (SEQ ID NO.: 30) 

W8 . Is ( GAAGTT AAGAAGCACCGT AATGTCCC ) , (SEQ ID NO.: 31) 

W8 . las (GATTCCGGATCAGAGAGGATCTCAAC) , (SEQ ID NO.: 32) 

W8.2as (GCAAGGTTGCAGTGATGCACCTCAAG) , (SEQ ID NO.: 33) 

30 AA . c5 ( GTAAGATTTGTACATACTTCCGTGAAGGC ) , (SEQ ID NO.: 34) 

GAF. Is (GCTGGGAAAGACAGAGACAGATGACAC) , (SEQ ID NO.: 35) 
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This International Searching Authority found multiple (groups of) 
inventions in this international application, as follows: 

1. Claims: (1 and 21-28) - completely; (7-2Q) - partially 

PDE8A comprising the amino acid sequence SEQ ID N0:2; 
nucleic acid molecule encoding it (SEQ ID N0:1), vector 
containing it, host cell transformed with said vector and 
use thereof to produce PDE8A; antibodies against said 
polypeptide; antisense molecules; methods of treatment 
derived thereof. 



2. Claims: (2 and 29-36) - completely; (7-2G) - partially 

Idem as subject 1, but restricted to P0E7A3 (SEQ ID NQ:6) 
and the gene encoding it (SEQ ID N0:5). 

3. Claims: (3-6, 37 and 38) - completely; (7-20) - partially 

TbPDE2A (SEQ ID NO: 12) , TbPDE2B (SEQ ID N0:19). TbPDE2C 
(SEQ ID N0:14) and TbPDE2E (SEQ ID N0:16); nucleic acid 
molecules encoding them (SEQ ID N0s:ll, 9, 13 and 15 
respectively), vectors containing them, host cells 
transformed with said vectors and use thereof to produce • 
antibodies against said polypeptides; methods for 
identifying regulators thereof. 
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Generation of the complete open reading frame To obtain the ORF sequence of the T. 
brucei PDE 5 the same protocol was used as for the sequence amplification described 
above but with the primer AAc5 and GAF Is. This reaction was repeated three times and 
each PCR product subcloned and sequenced separately to avoid PCR artifacts. 

5 

Expression of T. brucei PDE. The ORF sequence for T. brucei PDE was subcloned into 
the pcDNA 3.1-TOPO vector (Invitrogen) according to the manual (Eukaryotic TOPO 
TA Cloning, version C) and plasmid DNA purified as described above. Human 
embryonic kidney 293 (HEK 293) cells were transfected with 12 \ig of DNA in 60 \il of 

10 GenePORTER Transfection Reagent (Gene Therapy Systems, San Diego, CA) in 100- 
mm dishes and kept at 37 °C in 5% CO2 for 24 h. After this period fresh medium was 
added, and incubated under the same conditions for an additional 24 h. The same amount 
of pcDNA vector containing the sequence for the Green Fluorescent Protein (GFP) was 
transfected under identical conditions as a positive control for expression and as a 

15 negative control for PDE activity. Two plates were harvested at a time and homogenized 
with 1 ml of homogenization buffer containing 40 mM Tris-HCl, pH 7.5; 15 mM . 
benzamidine; 15 mM 2-mercaptoethanol; 1 |ig/ml pepstatin A- 1 |ig/ml leupeptin and 5 
mM EDTA. The cell suspension was immediately subjected to sonication (3 x 5 s) on 
ice. One volume of glycerol and 1 mg/ml of bovine serum albumin were added 

20 immediately to the homogenate. A pool from 10 plates was stored at -70 °C in aliquots 
and did not lose appreciable activity over 1.5 months. 

Sacchromyces cerevisiae methods. The yeast strain JBS21.51 (mat a; ade2-loc; canl- 
100; his3-ll,15; leu2-3,112; trpl-1; ura3-l; pdel::HIS3; pde2::Kan r ) was generated from 

25 Cryl (mat a; ade2-loc; canl-100; his3-ll,15; leu2-3,112; trpl-1; ura3-l), a generous gift 
of Trisha Davis (University of Washington, Department of Biochemistry), using standard 
techniques of PCR-based gene replacement. The plasmid JBS52.19, containing the 
TbPDE2B entire open reading frame on a BstXI fragment was cloned into the Smal site of 
p424 (2|im origin, GPD promoter, TRP1 selection) (Beavo, J.A. and D.H. Reifsnyder, 

30 Trends Pharmacol Sci, 1990. 11(4): p. 150-5). Sequencing of the splice junctions 
confirmed the plasmid construction. Strains JBS67.1 and JBS75 contain p424 in 
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JBS21.51 or Cryl, respectively. Strain JBS67.2 is JBS21.51 containing JBS52. 19. All 
transformations were carried out with the lithium acetate method of Geitz, et a/.(Gietz, 
R.D., et al, Mol Cell Biochem, 1997. 172 (1-2): 67-79). Strains with TRP1 plasmids 
were maintained on selective media. 

5 

Heat shock was performed by replica plating cells to pre-warmed (55 °C) plates after 2 
days of growth at 30 °C. Plates were maintained at 55 °C for 10 min to 2 h and allowed to 
cool to room temperature. After two days at 30 °C plates were scored for growth. Soluble 
extracts were obtained from yeast according to the method of Atienza and Colicelli 
10 (Atienza, J.M. and J. Colicelli, Methods, 1998. 14 (1): 35-42). 

Phosphodiesterase assay. PDE activities were assayed at different concentrations of 
[ 3 H] cAMP or [ 3 H] cGMP according to the method of Hansen and Beavo ((Hansen R.S, 
Beavo J.A.. Proc Natl Acad Sci USA 1982;79: 2788-92). The reactions were performed 
in a buffer containing 40 mM Mops (pH 7.5), 0.8 mM EGTA, 15 mM Mg acetate, 0.2 
mg/ml BSA in a final reaction volume of 250 \il Concentrations from 0.03-300 ^M 
[ 3 H]cAMP were used to determine the K m value in HEK293 cell lysates and 
concentrations from 0.002- 10uM[ 3 H]cAMP were used for K m determination in yeast cell 
extracts. Hydrolysis of substrate did not exceed 20% under these conditions and PDE 
activity was proportional to time and enzyme concentration. For inhibition studies, 
assays were performed in the presence of rolipram (Biomol, Plymouth Meeting, PA), Ro 
20-1724 (Hoffman-La Roche, Nutley, NJ), zaprinast (May & Baker, Dagenham, UK), 
enoximone (Merrell Dow Research Institute), sildenafil (Pfizer Central Research, 
Sandwich, UK), cGMP, papaverine, 3-Isobutyl-l-methylxanthine (IBMX), EHNA 
(erythro-9-[3-(2-hydroxynonyI)]-adenine), pentoxifylline, etazolate or dipyridamole 
obtained from Sigma (St. Louis, MO) using 1 \iM [ 3 H]cAMP as substrate. 

RESULTS 

30 Cloning and Sequencing. Searches of the EST databases using sequences from the first 
10 previously cloned mammalian PDEs resulted in two probable Tiypanosoma brucei 
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rhodesiense EST PDE sequences. The first one (clone ID AA063739) corresponded 
most closely to the non-catalytic domain of PDE10A, PDE2, PDE5 and PDE6. The 
second (clone ID W84103) was homologous to the catalytic domain of all Class I PDEs, 
including the conserved YHN PDE catalytic domain motif (Beavo J.A. et aL, Trends 
5 Pharm Sci 1990; 11: 150-5). Oligonucleotide primers were synthesized based on the 
sequence of these two EST clones and combined to amplify by PCR the gene sequence 
yielding a clone 4.7 kb in length (clone WA3). This clone contained the EST sequence 
W84103 on the 5' end and AA063739 on the 3' end, indicating the possibility of two 
PDE genes in tandem. To extend the 5' and 3' ends of each gene five "genomic 
10 libraries" were prepared using a Gene Walker kit and screened with the adapter primer 
API together with the W8.1as primer (clone GW1) for the 5' end and the primer 
AA06.1s (clone GW2) for the 3' end (Figure 15). The sequence alignment of all these 
clones yielded a sequence with two identical ORFs in tandem separated by a pyrimidine 
rich intergenomic region of 1390 base pairs (Figure 15). 

15 

To confirm the result of primers AA06.Is and W8.Ias were used for a new PCR reaction that 
yielded a single band of 1.2 kb (clone AW4). This product contained the sequence of the 
clones AA063739 and W84103 as flanking regions and a sequence of 500 base pairs in the 
middle corresponding to the 5' and 3' ends of the gene missing in the first amplification (Fig. 
20 15). 

The complete gene (2793 base pairs) was amplified as described in Materials and 
Methods, and the ORF sequence predicts a 930 amino-acid protein with a molecular mass 
of 103,253 Da (Figure 16). A consensus PDE catalytic domain is located between amino 

25 acids 668 and 908. The homology of this domain to other PDE catalytic domains suggests 
that TbPDE2B is a novel member of the recently described TbPDE2 family of class I 
PDEs (Figure 17) (Soderling, S.H. and J.A. Beavo, Curr Opin Cell Biol, 2000. 12(2): 174- 
9; Zoraghi, R., et aL, J Biol Chem, 2001. 276(15): p. 1 1559-66). Two conserved GAF (for 
cGMP binding and stimulated PDEs, Anabaena adenylyl cyclases and Escherichia coli 

30 FhlA) domains in tandem are also predicted between amino acids 234-379 and 407-552 
similar to those found in PDE2, PDE5, PDE6, PDE10 and PDE1 1 (Figures 16 and 17). 
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Expression and characterization of recombinant T. brucei PDE activity. To confirm that 
the isolated gene encodes an active PDE, a plasmid containing the complete ORF was 
expressed in HEK 293 cells. The cAMP hydrolyzing activity at 1 |iM substrate 
5 concentration of the transfected cells, harvested at 48 h after transfection, showed on average 
a 10 fold increase (depending on the batch) above cells transfected with the same plasmid 
containing GFP coding sequence or non-transfected cells. However, no increase in cGMP 
hydrolysis was observed (data not shown), indicating that this sequence encodes for a cAMP 
specific PDE. A more detailed kinetic characterization of the enzyme showed a Km of 2.4 
10 \iM (± 0.6), as the average of three separate experiments. The catalysis of cAMP was not 
stimulated or inhibited by cGMP, at concentrations up to 200 |iM. 

Inhibitor specificity of recombinant T. brucei PDE activity. The inhibitory profile of the 
enzyme (Table 2) shows an extremely low sensitivity to the non-specific PDE inhibitors 

15 papaverine, pentoxifylline and IBMX. No inhibition was observed in presence of specific 
inhibitors of the mammalian cAMP specific PDE (PDE4) rolipram and R0 20-1724 for the 
recombinant enzyme; however the endogenous PDE activity from the HEK- 293 cells was 
completely abolished with the lowest concentration of these compounds used in the assay (10 
\iM). No IC50 could be obtained even at very high concentrations for specific inhibitors of 

20 the PDE 2, 3, 5 and 6 families (EHNA, enoximone, zaprinast and sildenafil). Only 
dipyridamole at a concentration of 27 |iM was able to inhibit 50% of the total activity in the 
assay and this value is from 6-71 times higher than those obtained for PDE5, PDE6, PDE8 
and PDE 10 at similar substrate concentrations. Etazolate had a weak inhibitory effect with 
an IC 50 ofl27 jiM. 

25 

Complementation of Sacchromyces cerevisiae PDE deficiency. To test whether this 
PDE retains activity in vivo, TbPDE2B was expressed in a PDE-deficient yeast strain 
(JBS21.51, Figure 18) and rescues this strain from heat shock sensitivity. Yeast cells 
lacking endogenous PDEs are sensitive to heat shock; they cannot survive incubation at 55 
30 °C (Piilai, R., et aU Proc Natl Acad Sci USA, 1993. 90(24): p. 1 1970-4). Several Class I 
PDEs have been shown to complement this defect to varying degrees (Zoraghi, R., et al, J 
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Biol Chem, 2001. 276(15): p. 11559-66; Michaeli, T., et al, J Biol Chem, 993. 268(17): 
p. 12925-32). TbPDE2B expressing yeast are tolerant of a strong (60 min at 55 °C) heat 
shock, suggesting that the enzyme is highly active in yeast 

5 DISCUSSION 

Through an initial bioinformatic approach, a T. h rucei gene encoding a cyclic AMP 
specific phosphodiesterase, was isolated. Sequence comparisons indicate that the T. 
brucei PDE2B is highly homologous to TbPDE2A and similar to other eukaryotic Class I 

10 PDEs but has no extended homology to Class II PDEs. This conclusion is based on the 30- 
35% sequence identity of a deduced catalytic domain of 241 amino acids with those of the 
11 mammalian PDEs (Nikawa, J., et al., Mo! Cell Biol, 1987. 7(10): p. 3629-36), the 
Dyctiostelim discoideum, RegA (Gietz, R.D., et al, Mol Cell Biochem, 1997. 172(1-2): p. 
67-79), and a probable PDE from Caenorhabditis elegans (GeneBank accession # 

15 Q22000). This is essentially the same as the homology shown among families of 
mammalian Class I PDEs. A graphical representation of the amino acid identity scores for 
TbPDE2B with the human, C. elegans and Dictyostelium PDEs is shown in Figure 18. 
TbPDE2B contains the conserved PDE catalytic domain initiating YHN motif, as well as 
the putative metal binding motif HDX2HX4N (Dousa, T.P., Kidney Int, 1999. 55(1): p. 29- 

20 62) between amino acids 709-718 (Figure 16). Since this gene product rescues a S. 
cerevisiae PDE deficiency, measurably catalyzes the hydrolysis of cAMP, is homologous 
to known PDEs and contains these PDE motifs, it is apparent that this gene encodes an 
active PDE. 

25 TbPDE2B and TbPDE2A appear to be recently diverged genes. The GAF and catalytic 
domains of the two genes match with >89% identity at the amino acid and DNA levels, 
but the genes are organized differently. TbPDE2A is a single gene flanked by two 
unrelated genes while TbPDE2B is arranged as two consecutive identical open reading 
frames (Zoraghi, R., et al, J Biol Chem, 2001. 276(15): p. 11559-66). TbPDE2B also 

30 encodes a second GAF domain, one which is more likely to bind cGMP (see below). It is 
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plausible that TbPDE2A is a recent duplication of TbPDE2B, ari that TbPDE2B 
duplicated even more recently to form a head-to-tail concatemer. 

TbPDE2B contains two GAF domains at the N terminus of the protein. These sequences 
5 are similar to those found in the GAF domains of mammalian PDE2, PDES, PDE6, 
PDE10 and PDE11 (Soderling, S.H. and J.A. Beavo, Curr Opin Cell Biol, 2000. 12(2): p. 
174-9). These motifs were first identified as cGMP binding domains in the PDE2s and the 
photoreceptor PDE6s, but the subsequent identification of a similar motif in Anabaena 
adenylate cyclases and Escherichia coli FhlA, organisms which do not make cGMP, 

10 required a more general name for these motifs (Reviewed in Aravind, L. and CP. Ponting, 
Trends Biochem Sci, 1997. 22(12): p. 458-9). Homologous domains are also present in a 
number of other signaling molecules that include transcription regulators and sensory 
histidine kinases in bacteria, ethylene-responsive factors and phytochromes in plants, and 
nitrogen fixation proteins in Azotobacter (Schultz, J., et al, Proc Natl Acad Sci USA, 

15 1998. 95(1 1): p. 5857-64). Because of the probable different ligand specificities of this 
domain in the many different enzymes containing GAF domains, there is no consensus 
function for these domains. However, in most of the other PDEs cGMP binding to the 
GAF domains acts as a means for regulation of the enzyme. For example the 
phosphorylation state of PDE5 (Thomas, M.K. et al., J Biol Chem, 1990. 265(25): p. 

20 14971-8; Wyatt, T.A., et ai, Am J Physiol, 1998. 274(2 Pt 2): p. H448-55.) and the 
interaction between small molecules such as formic acid as in the case of E. coli FhlA 
transcription factor (Aravind, L. and CP. Ponting, The GAF domain: an evolutionary link 
between diverse phoiotransducing proteins. Trends Biochem Sci, 1997. 22(12): p. 458-9). 

25 The entire catalytic domain of TbPDE2A and TbPDE2B are very highly conserved, 
consistent with the similar K m found for the two isozymes (2.4 ± 0.6 and 2.3 ± 0.6, 
respectively) and the fact that each is specific for cAMP hydrolysis. Additionally, both 
isozymes are relatively insensitive to mammalian PDE inhibitors (selective or non-selective), 
a finding in keeping with the other described PDEs from the Tiypanosomatidae family. 

30 
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Non-selective PDE inhibitors slightly affected PDE activities present in T. cruzi[\6], T. 
gambiense (Walter, R.D., Hoppe Seylers Z Physiol Chem, 1974. 355(11): p. 1443-50), 
Leishmania donovani (Walter, R.D., et al., Tropenmed Parasitol, 1978. 29(4): p. 439-42), 
L mexiccma (Rascon, A., et al, Mol Biochem Parasitol, 2000. 106(2): p. 283-92) and 
5 TbPDE2A (Zoraghi, R., et al, J Biol Chem, 2001. 276(15): p. 11559-66). An extremely 
low inhibition by the selective PDE inhibitors for PDE3 (enoximone), PDE4 (rolipram, Ro 
20-1724) and PDE5 has been also shown for L. mexicana PDEs (Rascon, A., et al, Mol 
Biochem Parasitol, 2000. 106(2): p. 283-92) and TbPDE2A (Zoraghi, R., et al, J Biol 
Chem, 2001. 276(15): p. 11559-66). The sequence differences between the catalytic 

10 domains of the two members of the TbPDE2 family, clustered between the amino acids 
787-819 for TbPDE2B (347-392 for TbPDE2A), likely account for the differences in 
sensitivity observed for TbPDE2B the towards sildenafil, dipyridamole, zaprinast, 
etazolate and IBMX (Table 2). It is striking that there is a > 10-fold difference in 
sensitivity to Sildenafil, given the high homology between these isozymes. The 

15 significant differences between sensitivities of trypanosomatid PDEs and their mammalian' 
counterparts is makes these enzymes potentially good targets for development of selective 1 
drugs. 
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Table 2. Effect of different compounds on T. brxicei PDEs 


Inhibitor 


PDE Selectivity 


a TbPDE2A 


D TbPDE2B 




(IC 50 ) 


IC S0 (pM) 


IC 50 (liM) 
(n=3) 


IBMX 


Non-selective (2-50 \iM) 


545 


>1000 


Papaverine 


Non-selective (5-25 ^M) 


ND 


304 ± 19 


Pentoxifylline 


Non-selective (45-150 \xM) 


ND 


>800 


Rolipram 


PDE 4 (2 \xM) 


>100 


>300 


Ro 20-1724 


PDE 4 (2 (iM) 


ND 


>300 


Etazolate 


PDE 4 (1.2 ^M) 


30.3 


127 ±4 


Enoximone 


PDE 3 (1 nM) 


ND 


>100 


c cGMP 


PDE 3 


>100 


>200 


Zaprinast 


PDE 5 (0.76 \iM) 

PDF fWO 1 S ii 
rue u \u.i pivij 


42.5 


>50 


Sildenafil 


PDE 5 (0.0039 pM) 


9.4 


>100 


EHNA 


PDE 2 (1 nM) 


ND 


>180 


Dipyridamole 


PDE 5 (0.9 ^M) 








PDE 6 (0.38 nM) 
PDE 8 (4.5 \iM) 


5.9 


27 ±3 




PDE 10(1.1 nM) 







ND: not determined, a from reference (Altschul, S.F., et ai, J Mol Biol, 1990. 215(3): p. 
403-10.) [19], b Substrate concentration 1 [ 3 H]-cAMP, 
c No inhibition or activation was observed. 

5 



The high IC 50 obtained with the PDE4 selective inhibitor etazolate (127 nM) for the 
TbPDE2B reported here, does not support the idea of this enzyme being the target of the 
effects described for this compound in the induction of in vitro transformation of slender 
to stumpy forms of 7! brucei since it occurs at concentrations of 1-2 ^iM etazolate 
10 (Vassella, E, et ai, J Cell Sci, 1997. 110(Pt 21): p. 2661-71). Therefore, the observed 
effect of etazolate in the differentiation process of these parasites could be through the 
inhibition of another PDE or perhaps through actions on some other target. For example 
in mammals, etazolate is also an adenosine receptor antagonist and can interact with 
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GABA channels (Williams, M and M.~ Jarvis, Pharmacol Biochem Behav, 1988. 29(2): 
p. 433-41). 

There are at least two copies of the gene coding for this cAMP specific PDE in T. brucei. 
5 These genes are tandemly repeated in the genomic DNA, and not a single copy as the 
TbPDE2A that is part of a small gene family (Zoraghi, R., et al, J Biol Chem, 2001. 
276(15): p. 1 1559-66). The presence of more than one copy of a gene at a single locus is 
common for genes that encode enzymes essential for normal metabolism in 
Trypanosomatids. For example, phosphoglucose isomerase, aldolase and glycosomal 
10 glyceraldehyde phosphate dehydrogenases are all multiple copy genes in T. brucei 0 [39]. 
The fact that there are also multiple copies of this PDE gene may suggest that it is not a 
functionally redundant enzyme and has important functions to the life of the 
trypanosomatid. 

15 EXAMPLE 12 

This Example describes the identification, cloning, and characterization of a cAMP 
specific PDE (TbPDE2A) from T. brucei. 

20 MATERIALS AND METHODS 

Cell culture. Trypanosoma brucei strain 427 (derived form MiTat 15a) was grown as 
procyclic form at 27° C in SDM medium (Brun, R., and Schonenberger, M. (1979) Acta 
Tropica 36, 289-292). Monomorphic bloodstream forms of strain 221 (MiTat 1.2) were 

25 cultivated as described by Hesse et al. (Hesse, F. et al., (1995) Mol. Biochem. Parositol 
70, 157-166). The yeast strain PP5 (MATa leu2-3 leu2-112 ura3-52 his3-532 his4 cam 
pdel::URA3 pde2::HIS3: (Pillai, R. et al., (1993) Proc Natl Acad Sci. U.S.A. 
90, 1 1970-1 1974). was a gift of John Colicelli, UCLA. Yeast transformation was done as 
described (Atienza, J.M. et al., (1998) Melhods 14, 35-42). Transformants were selected 

30 on liquid minimal medium containing 0.67% yeast nitrogen base without amino acids 
(DIFCO) and 2% glucose, supplemented with an amino acid mixture lacking leucine 

90 



SDOCID <WO 0222661A2J_> 



WO 02/22661 



PCT/US01/28503 



(SC-leu). Heat shock experiments Te performed by replica-plating patches onto YPD 
plates prewarmed to 55° C, and the heat shock was continued for 15 min. After cooling 
the plates to room temperature, they were incubated for 2 - 3 days at 30° C. 

5 Construction of TbPDE2A constructs Full length TbPDE2A: The 3'-end of the open 
reading frame of TbPDE2A was amplified from the cDNA plasmid pT'2928 using the 
forward primer pde2tyfor (5'- ATGACAATGGATGGATGTGCTTAT-3') (SEQ ID NO.: 
38) and the reverse primer pde2tyrev 

(5'-CTTCTCGAGGGATCCCTATCCATGGGCAGACGAAGCCCCTGTACTC-3') 

10 (SEQ ID NO.: 39), containing Xhol, BamHI and Ncol sites (underlined) and a stop 
codon (bold italics). The resulting PCR fragment (366 bp) was cloned into 
pGEM-T-Easy (Promega) and verified by sequencing. The fragment was then excised by 
digestion with EcoRV and Xhol and was inserted into pT2928 digested with the same 
enzymes. This step removed the 3'-UTR and introduced an Ncol site immediately, before 

1 5 the stop codon and resulted in plasmid pTPDE23U. 

The 5'-end of the open reading frame was amplified from a fragment of genomic DNA, 
using the forward primer pde2gtf2 (5'-GAGAATrCAAACATGTATG 
TGC ACGACGTACGCATGTTC-3 ') (SEQ ID NO.: 40), containing an EcoRI site 

20 (underlined) followed by a Kozak sequence and the start codon (bold underlined), and 
the reverse primer pde2gr (5'-TTCAACCCCATATGATCAAGATCATGCACCAG-3') 
(SEQ ID NO.: 41). The PCR product (804 bp) was cloned into pGEM-T-Easy, verified 
by sequencing and then excised by digestion with EcoRI and Ndel and cloned into 
pTPDE23U cut with the same enzymes. This step generated a full-length copy of 

25 TbPDE2A (pTPDE2A) containing an Ncol site immediately bet-ore the stop codon. 

For generating an N-terminally truncated form of TbPDE2A without the noncatalytic 
cGMP-binding domain (starting at M124 of the full sequence), the corresponding region 
was amplified from genomic DNA using the forward primer pde2gfl (5 1 - 
30 GAGAATTCAAACATGGAAGTTAACGAACACCGAGCAACATTG-3') (SEQ ID 
NO.: 42), containing an EcoRI site (underlined) followed by a Kozak sequence and the 
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codon for Ml 24 (bold underlined), and the reverse primer pde2gr (see above). The PGR 
product (475 bp) was cloned and sequenced as indicated above, Finally it was excised by 
digestion with EcoRI and Ndel and inserted into the corresponding sites of pTPDE23U, 
to generate pTPDE2AT. 

5 

For inserting a hemagglutinin tag (amino acid sequence: YPYDVPDYAGIPM (SEQ ID 
NO.: 43) at the C-teminus of both constructs, two complementary oligonucleotides, Htfor 
(5-CATGGTTACCCATACGATGTCCCAGATTACGCCGGTATTCCAATG TAG G-3') 
(SEQ ID NO.: 44); open Ncol site underlined, stop signal bold underlined) and Htrev (5'- 

10 GATCCCTACATTGGAATACCGGCGTAATCTGGGACATCGTATGGGTAAC-3 1 ) 
(SEQ ID NO.: 45); open BamHI site underlined) were annealed and then inserted into 
pTPDE2A and pTPDE2AT digested with Ncol and BamHI. The resulting tagged 
constructs (pTPDE2Ahm and pTPDE2AThm) were finally verified by sequencing. 
Similar constructs were also made which contain the TY-1 tag (Bastin, P. et al., (1996) 

15 Mol. Biochem. Parasitol. 77, 235-239) instead of the hemagglutinin tag at their 
C-termini. 

For expression in S. cerevisiae, the tagged genes were introduced into the yeast expression- 
vector p4215cyc 1 containing an attenuated CYC 1 promoter (Mumberg, D. et al., (1995) 

20 Gene 156, 119-122), and into pLTl which allows high-level expression from a strong 
TEF2 promoter. PLTl was derived from p425CYCl by replacing its expression cassette 
with the TEF2 promoter, including the original TEF2 Kozak sequence. The initiation 
codon is followed by two restriction sites which allow cloning of the gene to be 
expressed. The resulting sequence of the expression site is as follows: TEF2 promoter: 

25 -412 through -7, followed by 5'-CTAAACATGAGTCGACC7CG^GT-3' (SEQ ID NO.: 
46) (Kozak sequence bold, start-codon bold underlined, Sail site underlined, Xhol site 
italics). Protein expression and stability of the enzyme under assay conditions were 
monitored by immunoblotting, using a monoclonal antibody against the hemagglutinin 
tag (Roche Molecular Biochemicals). 

30 
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Yeast cell lysis. Yeast cells grown to mid- to end-log phase in SC-leu medium were 
collected, resuspended quickly in an original volume of prewarmed YPD medium and 
incubated for an additional 3h at 30° C in order to maximize protein expression. Cells 
were then harvested, washed once in water and once in HBB buffer (Hank's balanced salt 
solution, containing 50 mM HEPES, pH 7.5). The washed cell pellet was suspended in an 
equal volume of HBB containing a protease inhibitor cocktail (Complete™, Roche 
Molecular Biochemicals). Cells were lysed by grinding with glass beads (425 urn; 
Sigma) using a FastPrep FP 120 (3 x 45 s at setting 4). The cell lysate was clarified by 
centrifugation for 15 min at 15,000 x g. To the resulting supernatant, glycerol was added 
to a final concentration of 25 % v/v and it was stored at -70° C. Under these conditions, 
TbPDE2A activity is stable for at least several months. 

Phosphodiesterase Assay. PDE assays were done according to Schilling et al. 
(Schilling, R.J. et al., (1994) Anal. Biochem. 216, 154-158). The reaction contained 50 
mM HEPES, pH 7.5, 0.5 mM EDTA, 10 mM MgCl 2 and 3 H-cAMP or 3 H-cGMP (50,000 
dpm per reaction; 5 pM) in a total volume of 100 pi. Incubation was at 30° C for 20 min. 
Reactions were stopped by the addition of 50 pi 21.5 mM ZnCl 2 , followed by 50 pi 17.5 
pM Ba(OH) 2 and incubated on ice for 30 min. The precipitates were filtered through 
GF-C glass fiber fitters and filters were washed 3 times with ice-cold 1 mM NaOH / 100 
mM NaCI and were then dried and counted in liquid scintillation fluid (4 g/I omnifluor in 
toluene). All assays were carried out in triplicates and with three independent enzyme 
preparations. Controls for the efficiency of precipitation of cAMP and of AMP were 
always included. When assaying yeast cell extracts, control lysates from the PDE 
deletion strains transfected with empty vector was used as a background control. 
Inhibitor studies were done at a cAMP concentration of 1 pM, i.e. close to the Km of 
TbPDE2A, so that the IC50 values should approximate the Ki. Inhibitors were dissolved 
in DMSO or ethanol, and the final concentration of the solvent never exceeded 1% in the 
assays reaction. Incubation times and enzyme concentrations were always adjusted so 
that less than 30 % of the input substrate was hydrolyzed (2 - 5 pg total protein / 100 pi 
assay). IC50 values were calculated by curve fitting on a four parameter dose-response 
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model with variable slope, using the Prism software package of Graph Pad Inc., San 
Diego, CA. 

Cytotoxicity Determination. Cytotoxicity of PDE inhibitors was determined for 
5 bloodstream forms in culture by determining acid phosphatase activity as described 
(Bodley, A.L. et al., (1995) J. Infect. Dis. 172, 1157-1159). Exponentially growing 
monomorphic bloodstream forms MiTat 1.2 were transferred into colorless medium 
(Sbicego, S. et al., (1999) Mol Biochem, Parasitol 104, 311-32) (cell density 3 x 10 5 
cells / ml culture) and were seeded into microtiter wells (199 jil per well) containing \\x\ 

10 of inhibitor or solvent control. Plates were incubated for both 20 and 40 h at 37° in a 
humidified incubator with a 5% CO2 atmosphere. At the end of the growth period, cells 
were lysed by the addition of 20 ^1 of lysis/substrate buffer (20 mg/ml 
p-nitrophenyl-phosphate in 1 M Na-acetate, pH 5.5, 1 % Triton X- 100), and the 
incubation was continued for another 4 h at 37° C. Production of p-nitrophenol was 

15 determined at 405 nm on a microtiter plate reader. In order to control for intrinsic 
absorbance by the inhibitors, control series containing inhibitor dilutions but no cells 
were run for every experiment, and the resulting absorbance Values were subtracted as 
background from the experimental readings. All assays were run in triplicates. 

20 RESULTS 

The TbPDE2A Locus. Upon searching the T. brucei EST database for potential 
phosphodiesterase genes, an EST clone (pT2928) was identified. The corresponding 
plasmid was sequenced. The cDNA fragment contained the 3'-part of a cDNA which 

25 unambiguously represented a phosphodiesterase gene, termed TbPDE2A according to the 
recently proposed rules for the nomenclature of trypanosomatid. genes (Clayton C. et al., 
(1998) Mol Biochem Parasitol 97, 221-224). Southern blot analysis of genomic DNA 
demonstrated that TbPDE2A is not a single gene, but a member of small gene family 
(Figures 20A and B). This was further confirmed by screening a cDNA library, which 

30 resulted in the identification of several cDNA clones which represent different PDE2 
family members. The cDNA fragment from pT2928 was then used to screen a genomic 

94 



5DOCID: <WO 0222661 A2_l_> 



WO 02/22661 



PCIYUS01/28503 



library of T, brucei. and theTbPDE2A locus was recovered on a 6 Kb genomic EcoRI 
DNA fragment. The fragment was sequenced, as were several cDNA clones for TbPD2A. 
The nucleotide sequence of TbPDE2A cDNA is shown in Figure 21 A. The organization 
of the ThP DE2A locus (Figure 20B) demonstrates that it contains three different, closely 
5 spaced genes. The first one is a RIME element (nucleotides 376 - 876), a member of a 
family of abundant,, highly transcribed, repetitive transposable elements (Murphy, N.B. 
et ah, (1987) J, Mol Biol 195, 855-871). Within this element, nucleotides 868 - 632 on 
the reverse strand represent the open reading frame coding for a RIME-associated 
protein. The RIME element is flanked by two 12 bp direct repeats (n 364 - 375 and 877 - 

10 888). The open reading frame for TbPDE2A extends from nucleotides 1770 - 3225 
(Figure 21 A) and codes for a protein of 485 amino acids. The predicted start methionine 
was functional, and the predicted open reading frame coded for an active protein when 
expressed in S. cerevisiae (see below). The coding region is followed by a long 
3 '-untranslated region of 1196 nucleotides, and the polyA-addition site is represented by 

15 nucleotide 4420. Downstream of the TbPDE2A gene, a gene for a member of the 
NHP2/RS6 family of nuclear proteins (Henras, A. et ah, (1998) EMBO J. 17, 7078-7090) 
is coded for by nucleotides 4635 - 5062. The presence of unrelated genes upstream and 
downstream of TbPDE2A demonstrated that the members of this PDE family are not 
closely linked. 

20 

Expression of TbPDE2A was analyzed both by Northern blot hybridization and by 
RT-PCR. Both approaches demonstrated that TbPDE2A is expressed both in the 
bloodstream and the procyclic (insect stage) form of the trypanosome life cycle. 

25 The screening the cDNA library resulted in the identification of several cDNA clones 
which represent different PDE2 family members, including TbPDE2C and TbPDE2E. 
The nucleotide and amino acid sequences of TbPDE2C are shown in Figures 22A and 
22B respectively. The nucleotide and amino acid sequence sequences of TbPDE2E are 
shown in Figures 23A and 23B respectively. 

30 
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Predicted amino acid sequence of TbPDE2A. The open reading frame of TbPDE2A 
predicts a protein of 485 amino acids, with a calculated molecular mass of 55,348 (Figure 
21B). The N-terminus of TbPDE2A contains a single GAF domain (V3 - VI 17; 
(Aravind, L. and Ponting, CP. (1997) Trends Biochem. Sci. 22, 458-459) which may 
5 function in cGMP binding. The presence of a single GAF domain in TbPDE2A is 
reminiscent of the human PDE1 1A which also has a single GAF domain, while all other 
mammalian PDEs with such domains (PDEs 2, 5, 6 and 10) contain two of them in a 
closely spaced arrangement. The overall sequence identity between the single GAF 
domain of TbPDE2A and either of the corresponding domains of mammalian PDEs 2., 5, 
10 6, 10 and 11 varies between 30 and 50 %, with several residues (L59, C60 P62, N77, 
K78, F88, and D91) strongly or absolutely conserved. For mammalian PDE5A, where 
cGMP-binding by the GAF domain was experimentally demonstrated, the interaction 
with cGMP was predicted to occur via N77, K78 and D91, all of which are strongly 
conserved (Turko J.V. et al., ( 1 996) J. Biol. Chem. 27 1 , 22240-22244). 

15 

The catalytic domain of TbPDE2A is located between F205 and F438, as predicted by 
analogy with other PDEs. AH class I PDEs known to date contain a conserved region of 
approximately 250 amino acids which represent the catalytic domain (Charbonneau, H. ef 
al., (1986) Proc Natl Acad Sci U.S.A. 83, 9308-9312). Several residues within this 

20 domain are absolutely or chemically conserved between PDE families, and across species 
from yeast to humans. The predicted catalytic domain contains the signature sequence for 
cyclic nucleotide-specific phosphodiesterases (H269 - Y281) (Beavo, J.A. et al., (1990) 
Trends Pharmacol Sci. 11, 150-155). Two putative Zn 2+ -binding motifs are represented 
by H229, H233 and E252, and H269, D-270, H-273 and E302, respectively (Francis, 

25 S.H. et al., (1994) J. Biol. Chem. 269, 22477-22480). The putative nucleotide-binding 
site is formed by amino acids K389 - F438 (McAllister-Lucas, L.M. et al (1995) J. Biol. 
Chem. 270, 30671-30679). The neighboring histidine residues (H304 and H305), which 
are located outside this conserved nucleotide-binding region, may correspond to the 
vicinal histidine residues shown to be involved in cAMP binding in the human PDE4A 

30 (Jacobitz, S. et al., (1997) Mol Pharmacol. 51, 999-1006). Many amino acid residues of 
the catalytic domain are highly conserved between TbPDE2A and representatives of the 

96 



SDOCID: <WO 022266lA2_L> 



WO 02/22661 



PCT/US01/28503 



11 mammalian PDE families (K229 (identical between TbPDE2A and 10 out of the 11 
mammalian PDE families), N230 (10/11), H269 (11/11), D270 (11/11), D272 (10/11), 
H273, (11/11), G275 (11/11), N278 (10/11), E302 (11/11), H304 (11/11), H305 (11/11), 
A342 (11/11), T343 (11/11), D344 (11/11), D383 (11/11), E404 (11/11), F405 (9/11), 
5 Q408 (10/1 1), G409 (9/1 1), D410 (11/11), D424 (9/11), Q435 (11/11) and F438 (10/11)). 
Interestingly, the linker region between the cGMP-binding domain and the catalytic 
domain contains a phosphorylation site for cAMP/cGMP kinases (K144 -T147). The 
functional significance of this regulatory site remains to be established. 

10 The overall sequence conservation between catalytic domains of phosphodiesterases 
which belong to the same family is >50%, while between families, the extent of identity 
is less than 40 % (Soderling, S.H. et al, (1998)-/. BioLChem. 273,15553-15558). In 
Figure 24, the conservation of the catalytic domain of TbPDE2A is compared to 
representatives of the 1 1 currently known mammalian PDE families. TbPDE2A exhibits 

15 no sequence identity of more than 40 % with any of them, nor with class I PDEs from 
lower organisms, such as PDE2 from S. cerevisiae, dunce from Drosophila or the regA of 
Dietyostelium. 

TbPDE2A complements PDE deficient S. cerevisiae: TbPDE2A was expressed, either 
20 as the full size enzyme or as the truncated form without the N-terminal cGMP binding 
domain (aa 124 - 485), in a S. cerevisiae strain from which both endogenous 
phosphodiesterase genes had been deleted (PP5; (Pillai, R. et al., (1993) Proc.Natl Acad 
Sci. USA. 90, 1 1970-1 1974). PP5 is exquisitely heat-shock sensitive due to the absence 
of phosphodiesterase activity. Transformants were tested for heat shock resistance 
25 (Figure 25). Both, the full size enzyme and the truncated form fully restored heat-shock 
resistance of the indicator strain, indicating that TbPDE2A is active in S. cerevisiae, and 
that the N-terminal domain is not required for the activity of the catalytic domain. Two 
promoters of different strengths were used for these expression experiments (an 
attenuated form of CYC 1 as a weak, and TEF2 as a strong promoter), but essentially 
30 identical results were obtained. Thus, minimal amounts of TbPDE2A are apparently 
sufficient to rescue the heat shock resistance phenotype of the PP5 strain. 
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Characterization of TbPDE2A activity. For the characterization of TbPDE2A activity, 
the enzyme was expressed in the PDE-deficient yeast strain PP5, using plasmid pLTl 
with the strong TEF2 promoter. TbPDE2A was expressed either as the full-length 
5 enzyme, or in its N-terminally truncated form (amino acids 124 - 485) which lacks the 
GAF domain. In order to be able to monitor protein expression and stability, both 
constructs contained a hemagglutinin tag at their C-termini. In vivo activity of all 
constructs was first assessed by analysis of the heat-shock phenotype conferred to the 
host strain, and stability under assay conditions was monitored by immunoblotting with 
10 an anti-hemagglutinin antibody. 

Both constructs exhibited very similar activities with cAMP as the substrate, with a Km 
in the range of 2 ^xM and a Vmax of 1 jimol/mg x min (Table 3). These Km values are 
well within the range of other class I PDEs. With both constructs, cAMP hydrolysis was 
15 unaffected by the presence of a 100-fold excess of cGMP in the reaction (data not 
shown). This observation defines the catalytic activity of TbPDE2A as that of a cAMP' 
specific phosphodiesterase. In addition, it indicates that cGMP either does not bind to the 
GAF domain, or that such a binding does not directly influence the catalytic activity of 
the enzyme under the conditions of the assay. 

20 

Table 3. Comparison of MW and enzyme parameters of full-size (TbPDE2A) and 
N-terminally truncated (TbPDE2AT) phosphodiesterase 



25 




MW 


Km (nM) 


Vmax 
(jomol xmg-lmin-1) 




TbPDE2A 
TbPDE2AT 


55,313 
41,248 


228 ± 0.56 
1.18 ±0.26 


1.17 ±0,20 
0;8 1 + 0.14 


30 





Inhibitor Profile of ThPDE2A. Inhibitor studies were performed on lysates from PP5 
expressing the full-size TbPDE2A. For the initial screening, all inhibitors were used at a 
concentration of 100 jiM, with a substrate concentration of \\iM cAMP (Figure 26). Only 
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a few of al! inhibitors tested demonstrated a significant effect on enzyme .ctivity. even at 
the high concentration used for the screen. Most notably, several broad-spectrum PDE 
inhibitors such as ffiMX were ineffective. In this respect, TbPDE2A is similar to the 
mammalian PDE9 family (Soderling, S.H. et al., (1998). 1 Biol Chem. 273, 
5 15553-15558). Rolipram, an effective and specific inhibitor of the mammalian 
cAMP-specific PDE4 family, showed no appreciable activity against TbPDE2A. 
Zaprinast, an inhibitor of the mammalian cGMP-binding PDEs 5 and 6, showed only 
very little effect, as did cilostamide or milrinone (both inhibitors of PDE3) and 
vinpocetine and 8-methoxymethyl-IBMX (inhibitors of PDE 1). Unexpectedly, ethaverine 
10 proved to be significantly more effective as an inhibitor of TbPDE2A than its parent 
compound papaverine. This compound, the ethoxy-derivative of papaverine, was so far 
only known as a calcium channel blocker (Wang, Y. et al., (1997J Mol Pharmacol 40, 
750-755). 



15 Subsequently, IC50 were determined for several inhibitors, using yeast lysates expressing 
the full-size construct pTPDE2Ahm (Figure 26). The concentration of cAMP as substrate 
was set at 1 jxM, i.e. the range of its Km. Several structurally unrelated inhibitors showed 
similar potency against TbPDE2A, with Kis in the low micromolar range. The potency of 
these inhibitors toward TbPDE2A is not correlated with their family-specificity for 

20 mammalian PDE (Table 4). Trequinsin is an inhibitor of the PDE3 family, dipyridamole 
inhibits families 5, 6, 9, 10 and 1 1 (Fawcett, L. et al., (2000) Proc Natl ^cad.Sci. U.S.A. 
97, 3702-3707), and sildenafil is quite specific for family 5. Ethaverine was not known so 
far as a PDE inhibitor at all. 



25 
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Table 4. Potency against TbPDE2A and mammalian family -specificity of selected PDE 
inhibitors 



5 Inhibitor 
TbPDE'2A 

Trequinsin 
Dipyridamole 
10 Sildenafil 
Ethaverine 
Etazolate 
Zaprinast 
IBMX 

15 Cilostamide 
Rolipram 
Theophylline 
Vinpocetine 

20 

The four compounds were further analyzed for their effects on cell growth in culture 
(Figures 27 and 28). Bloodstream form trypanosomes were grown in microtiter plates for 
20 or 40 h in the presence of serial dilutions of the inhibitors (Figure 28), and cell 
proliferation was determined by an acid phosphatase-based assay (Bodley, A.L. et al: 5 

25 (1995) J. Infect Dis. 172, 1157-1159). All four compounds inhibited trypanosome 
growth with 1C50, which were about 10-fold higher than those determined with the 
soluble enzyme. The Hill slopes of the dose-response curves were close to 1 for three of 
the compounds (dipyridamole: 1.38 ± 021; sildenafil: 1.73 ± 0.69; trequinsin: 1.09 ± 
0.63), while it was 5.19 ± 1.52 for ethaverine. This indicates that the observed inhibition 

30 of cell proliferation by the first three compounds is indeed due to the inhibitory effect of 
the compounds on PDE activity, while the inhibition by ethaverine may be due to the 
combined effects of calcium channel blocking and inhibition of PDE activity. The results 
obtained with the first three compounds establish that the activity of TbPDE2A, and 
possibly other members of this family, is essential for trypanosome proliferation in 

35 culture, 



mammalian PDE IC50 for 

family inhibited (l^M) 

3 5,4 
5 and 6 5.9 
5 9.4 

14.2 

4 30.3 

5 and 6 42.4 
non-selective 545 

3 >100 

4 >100 
non-selective > 100 
1 > 100 
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DISCUSSION 

The invention discloses the identification and characterization of a member of a small 
family of cAMP-specific phosphodiesterases from the parasitic protozoon Trypanosoma 
5 brucel This is the first report of cloning a gene for a phosphodiesterase from a parasitic 
protozoon. TbPDE2A is coded for by a gene which represents a small family of related 
but different genes. DNA sequence analysis of the locus revealed the presence of genes 
unrelated to phosphodiesterases upstream and downstream of the open reading frame for 
TbPDE2A, demonstrating that the genes of this PDE family are not clustered. The open 
10 reading frame predicts a protein consisting of 485 amino acids, with a molecular mass of 
55,313. The predicted start codon is functional, as demonstrated by expression of the 
recombinant protein in S. cerevisiae, and no potential extension of the open reading 
frame upstream of this start codon is predicted from the DNA sequence. The open 
reading frame codes for a protein with a C-terminal catalytic domain with strong 

15 homology to all class I PDEs. The extent of sequence conservation, as well as the 
inhibitor profile, unambiguously classify TbPDE2A as a new family of the class I PDEs. 
The N-terminal moiety contains a single, well-conserved GAF domain (Aravind, L. et al., 
(1997) Trends Biochem. Sci. 22, 458-459) which is separated from the downstream 
catalytic domain by a linker region of about 80 amino acids. The GAP domain is very 

20 similar to those of the mammalian PDE families which contain such domains (families 2, 
5, 6, 10 and 1 1). TbPDE2A only contains a single such domain, while the mammalian 
PDEs 2, 5, 6 and 10 all contain two closely spaced such domains. In this respect, it most 
closely resembles the mammalian PDE11A (Fawcett, L. et al., (2000) Proc.Natl 
Acad.Sci. U.S.A. 97, 3702-3707). The functional significance of this unusual architecture 

25 of TbPDE2A remains to be explored. The fact that GAF domains can potentially bind 
cGMP may indicate that cGMP signaling is also present in T brncei, lending support to 
an earlier claim that cGMP signaling might exist in T cruzi (Paveto, C. et al., (1995) J. 
Biol. Chem. 270, 16576-16579). The domain may serve as an integrator for cAMP- and a 
cGMP- mediated signaling cascades. On the other hand, GAF domains are 

30 representatives of a large family of domains which bind assorted small molecules other 
than cGMP (Aravind L. et al., (1997) Trends Biochem. Sci. 22, 458-459). Thus, not every 
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domain predicted from its amino aci: 1 sequence to be a cGMP binding domain may 
actually function by binding cGMP. For instance, several E. coli proteins contain 
predicted cGMP-binding domains, though E. coli does not contain a guanylyl cyclase, 
and cGMP is unlikely to play a role in this organism. 

Analysis of recombinant TbPDE2A demonstrated that it is a cAMP-specific 
phosphodiestrase with a Km for cAMP in the 2 \xM range. This Km is typical for many 
of the class I PDEs. It is also in good agreement with the available estimates of the 
intracellular concentration of cAMP in T. brucei (1-10 pM); (Vassella, E. et al., (1997) J. 
Cell Set 110, 2661-2671). Recombinant proteins with or without the GAF domain 
exhibited similar activities with cAMP as a substrate, and the activity of both constructs 
was not affected by the presence of excess cGMP. These observations confirm that 
TbPDE2A is a cAMP-specific phosphodiesterase, and that cGMP either does not bind to 
the GAF domain, or that such a binding does not directly affect its catalytic activity. 
Thus, the GAF domain may be involved in the interaction with other components of the 
cell. 

TbPDE*2A displays a unique pharmacology which sets it apart from all previously 
characterized PDE families. IBMX and theophylline, two non-selective inhibitors of most 
PDEs are not effective on TbPDE2A. Three compounds which were found to inhibit 
TbPDE'2A at the low micromolar level are specific inhibitors of different mammalian 
PDE families. Trequinsin (IC50 for TbPDE2A = 5.4 pM) is an inhibitor of family 3, 
dipyridamole (IC50 = 5.8 \iM) is an inhibitor of the mammalian families 5 and 6, as is 
sildenafil (IC50 = 9.4 jiM). Unexpectedly, ethaverine, a derivative of the non-specific 
inhibitor papaverine with only marginal activity against TbPDE2A, is rather effective 
inhibitor of TbPDE2A, with an IC50 of 14 jiM. This was unexpected since ethaverine 
pharmacologically used so far mostly as a calcium channel blocker (Wang, Y. et al., 
(1997; Mol Pharmacol 40, 750-755), A similar pattern of inhibition was observed when 
cytotoxicity was determined with cultured bloodstream forms. Interestingly, the 
dose-response curve for ethaverine showed a very steep Hill slope (5.19 ± 1.52), 
indicating that the effect of this compound on cell proliferation might be due to a 
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combined effect of calcium char r I blockage and PDE inhibition. In contrast to 
ethaverine, dipyridamole, a potent inhibitor of adenosine transporters besides its activity 
as a PDE inhibitor, showed a Hill slope of around 1 (1.37 ± 0.21), with no sign of 
cooperative inhibition of cell proliferation. This suggests that even in the presence of 
5 dipyridamole, sufficient amounts of purines can be taken up by the trypanosomes to 
allow unconstrained proliferation in culture. 

The identification of inhibitors of this enzyme has provided the necessary tools for the 
experimental dissection of cAMP signaling in trypanosomes. The observations that 

10 inhibitors of TbPDE2A prevent cell proliferation in culture demonstrate that TbPDE2A 
or the TbPDE2 family as a whole, may be essential for cell proliferation. This is also 
supported by the observation that TbPDE2 mRNA is constitutively expressed. In 
conjunction, these data indicate that TbPDE2A and its isoenzymes may represent 
interesting targets for the development of a new generation of trypanocidal drugs, based 

15 on phosphodiesterase inhibitors. TbPDE2A and its relatives in T. bnicei as well as in 
other protozoa may offer a new class of targets for the development of novel and 
effective anti-protozoal drugs. 

EXAMPLE 13 

20 

This Example provides validation of the novel PDEs of T. brucei as a dru target. 

Chemical validation of the TbPDE2 family as a potential drug target One of the 

novel PDEs of the invention, TbPDE2A, was expressed as a recombinant protein and was 
25 characterized in detail (see above). TbPDE2A is a low K m , cAMP-specific 
phosphodiesterase, and its activity is neither inhibited nor stimulated by cGMP. We have 
established that a number of well-known PDE inhibitors inhibit recombinant TbPDE2A 
with IC50 values in the low micromolar range (dipyridamole, ethaverine, trequinsin and 
sildenafil). We have determined that the application of these inhibitors to trypanosomal 
30 cell extracts leads to a marked, if not complete, reduction of total PDE activity (Figure 
29). 
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We also have expressed a second family member, TbPDE2C, as a recombinant protein in 
the yeast S. cerevisiae and have characterized it was previously done for TbPDE2A. As 
predicted from the high sequence conservation between the catalytic domains of 
5 TbPDE2A and TbPDE2C, the catalytic properties of TbPDE2C and its sensitivity to PDE 
inhibitors were very similar to those found earlier for TbPDE2A (Figure 30). cGMP does 
not affect the activity of TbPDE2C, despite the fact that this enzyme contains two 
potentially cGMP-binding GAF domains. 

10 We have further demonstrated that application of PDE inhibitors to live trypanosomes 
leads to an increase in intracellular cAMP, and that they completely inhibit the 
proliferation of bloodstream form trypanosomes in culture. The IC 50 values of inhibition 
of cell proliferation by the PDE inhibitors dipyridamole, ethaverine, trequinsin and 
sildenalfil were similar to those observed for inhibition of the recombinant enzyme 

15 (Zoraghi et al., J. Biol.. Chem. 276, 2001, 11559 - 11566). These data imply that the 
inhibition of cell proliferation is caused by an inhibition of the TbPDE2 family. 

Genetic validation of the TbPDE2 family as a potential drug target RNA 

interference (subsequently called RNAi) was used to further establish that the TbPDE2 
20 family is essential for trypanosome proliferation. RNAi constructs were based on the 
vector pZJM (Wang et al., J. Biol. Chem. 275, 2000, 40174 - 40179) which allows 
inducible expression of double-stranded RNA from two opposing T7 RNA polymerase 
promotors which are under the control of a bacterial tetracyclin repressor. The constructs 
were targeted either against the divergent N-termini of each TbPDE2 family member (to 
25 allow a specific inactivation of individual family members), or against the conserved 
catalytic domain (allowing the combined inactivation of the entire gene family). The 
plasmid constructs were introduced into cultured procyclic (insect form) trypanosomes 
via electroporation, and expression of the double-stranded RNA was induced by addition 
of tetracyclin to the growth medium in order to to release the tetracyclin repressor. 

30 
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PCR analysis. PCR analysis of the various transgenic trypanosome strains was 
performed to determine the efficacy of the various RNAi constructs. The results 
demonstrated that the mRNAs for TbPDE2A and TbPDE2C were the most abundant. 
Induction of RNAi lead to the elimination of TbPDE2 mRNAs in all strains. 

5 

Analysis of intracellular cAMP. Determination of intracellular cAMP concentrations 
demonstrated that inactivation of the TbPDE2 family mRNAs by RNAi leads to an 
increase in intracellular cAMP. This increase was most pronounced when TbPDE2C was 
inactivated, which is in good agreement with the relatively high abundance of TbPDE2C 
10 mRNA which indicated that this isoenzyme is the predominant form. An even stronger 
increase of intracellular cAMP was observed when all TbPDE2 family members were 
simultaneously inactivated using the RNAi construct directed against tha conserved 
catalytic domain (Figure 31). 

15 Exquisite sensitivity of bloodstream form trypanosomes against elevated 
concentrations of cAMP. Following up these findings, we have have used 
membrane-permeable cAMP analogues to demonstrate that bloodstream form 
trypanosomes are exquisitely sensitive against elevated concentrations of cAMP (Figure 
32). We conclude from these data that an inactivation of the TbPDE2 family either by 
PDE inhibitors or by genetic means such as RNAi leads to an accumulation of 
intracellular cAMP which is lethal to the trypanosomes. 



20 



This conclusion is further strengthened by our observations from many experiments that 
knocking out the gene for TbPDE2C is consistently lethal for bloodstream trypanosomes. 

25 Independent genetic validation for these observations was obtained by our findings that it 
is impossible to introduce RNAi constructs directed against the TbPDE2 family into 
bloodstream form trypanosomes. The (well-established) small amount of leakiness of 
these constructs is sufficient to reduce the TbPDE2 mRNAs to a level which is lethal for 
the bloodstream forms. When the same constructs are introduced into the physiologically 

30 distinct procyclic forms, a dramatic change in intracellular cAMP concentration (see 
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Figure 31) is observed, but this does not grossly interfere with the proliferation of 
procyclic trypanosomes in culture. 

Various publications are cited herein that are hereby incorporated by reference in their 
5 entirety. 

As will be apparent to those skilled in the art to which the invention pertains, the present 
invention may be embodied in forms other than those specifically disclosed above 
without departing from the spirit or essential characteristics of the invention. The 
10 particular embodiments of the invention described above, are, therefore, to be considered 
as illustrative and not restrictive. The scope of the present invention is as set forth in the 
appended claims rather than being limited to the examples contained in the foregoing 
description. 
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What is claimed is: 

1. A PDE8A protein having the amino acid sequence set forth in Figure la beginning 
with methionine at amino acid position 1 and ending with glutamic acid at amino acid 

5 position 829. 

2. A PDE7A3 protein having the amino acid sequence as set forth in Figure 8B 
beginning with methionine at amino acid position 1 and ending with glycine at amino 
acid position 424. 

10 

3. A TbPDE2A protein molecule having the amino acid sequence set forth in Figure 21b 
beginning with methionine at amino acid position 1 and ending with serine at amino 
acid position 485. 

15 4. A TbPDE2B protein molecule having the amino acid sequence set forth in Figure 16 
beginning with methionine at amino acid position 1 and ending with arginine at 
amino acid position 930. 

5. A TbPDE2C protein molecule having the amino acid sequence set forth in Figure 
20 22B beginning with methionine at amino acid position 1 and ending with arginine at 

amino acid position 930. 

6. A TbPDE2E protein 'molecule having the amino acid sequence set forth in Figure 23B 
beginning with methionine at amino acid position 1 and ending with arginine at 

25 amino acid position 367. 

7. A nucleic acid molecule encoding the protein of claim 1, 2, 3, 4, 5, or 6. 

8. The nucleic acid molecule of claim 3 having the nucleotide sequence set forth in 
30 a. Figure la beginning at adenine at position 137 and ending with adenine at 2623. 

b. Figure 8a beginning at adenine at position 1 and ending with thymine at 1 272. 
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c. Figure 21a beginning at adenine at position 1 and ending with thymine at 1455. 

d. Figure 16 beginning at adenine at position 1 and ending with thymine at 2790. 

e. Figure 22a beginning at adenine at position 1 and ending with thymine at 2790. 

f. Figure 23a beginning at adenine at position 1 and ending with thymine at 1 1 0 1 . 

5 

9. The nucleic acid molecule of claim 8, which is a DNA molecule. 

1 0. The nucleic acid molecule of claim 9, wherein the DNA is a cDNA molecule. 

10 1 1 . A nucleic acid molecule which hybridizes to the nucleic acid molecule of claim 7. 

12. A vector comprising the nucleic acid molecule of claim 7. 

13. A host vector system comprising the vector of claim 12 in a suitable host cell. 

15 

14. The host vector system of claim 13, wherein the suitable host cell is a bacterial cell. 

1 5. The host vector system of claim 13, wherein the suitable host cell is a eukaryotic cell. 

20 16. An antibody, or antibody fragment containing an antigen-binding site, wherein the 
antigen-binding site binds and recognizes the protein of claim 1, 2, 3, 4, 5, or 6. 

17. The antibody of claim 16, wherein the antibody is a monoclonal antibody or a 
polyclonal antibody. 

25 

18. The antibody of claim 16, wherein the antibody is a chimeric antibody having a 
murine antigen binding site and a humanized region that regulates effector functions. 

19. A method of producing a PDE protein comprising culturing the host vector system of 
30 claim 13 under suitable conditions so as to produce the PDE protein in the host and 

recovering the PDE protein so produced. 
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20. A method of isolating a PDE protein from T cells or a cultured T cell line comprising: 

a. contacting a sample having an extract of isolated human T cells or a cultured T 
cell line with PDE specific antibody of claim 16 under conditions allowing 

5 formation of an immune complex between PDE and the antibody of claim 16, and 

b. isolating the immune complex so formed. 

21. A method for inhibiting functional PDE8A-associated T cell interactions comprising 
contacting a PDE8A-positive T-cell with a molecule that recognizes and binds 

10 PDE8A in an amount effective to inhibit the binding of PDE8A binding to its ligand 

and thereby inhibiting the functional PDE8A- associated T cell function. 

22. A method for inhibiting an immune system disease mediated by PDE8A- positive T 
cell by inhibiting functional PDE8A-associated T cell interactions by the method of 

15 claim 21. 

23. The method of claim 22, wherein the immune system disease is selected from the * 
group consisting of graft versus host disease (GVHD); psoriasis; immune disorders 
associated with graft transplantation rejection; T cell lymphoma; T cell acute 

20 lymphoblastic leukemia; testicular angiocentric T cell lymphoma; benign 
lymphocytic angitis; and autoimmune diseases such as lupus erythrmatosis, 
Hishimoto's thyroiditis, primary myxedema, Grave's disease, pernicious anemia, 
autoimmune atropic gastritis, Addison's disease, insulin dependent diabetes mellitus, 
good pasture syndrome, myasthenia gravis, pemphigus, Crohn's disease, sympathetic 

25 opthalmia, autoimmune uvetitis, multiple sclerosis, autoimmune hemolytic anemia, 
idiopathic thrombocytopenia, primary biliary cirrhosis, chronic action hepatitis, 
ulceratis colitis, Sjogren's syndrome, arthritis (including rheumatoid arthritis, juvenile 
rheumatoid arthritis, osteoarthritis, psoriatic arthritis), polymositis, scleroderma, and 
mixed connective tissue disease. 

30 
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24. The method of claim 21, wherein the molecule that recognizes and L ::ids PDE8A is 
an organic compound. 

25. The method of claims 21, wherein the molecule that recognizes and binds PDE8A is 
5 an antibody, or antibody fragment reactive with PDE8A. 

26. The method of claim 25, wherein the antibody is a polyclonal antibody or a 
monoclonal antibody. 

10 27. The method of claim 25, wherein the antibody is a chimeric antibody having a murine 
antigen-binding site and a humanized region that regulates effector function. 

28. The method of claims 21, wherein the molecule that recognizes and binds PDE8A is 
an antisense molecule. 

15 

29. A method for inhibiting functional PDE7A3-associated T cell interactions comprising 
contacting a PDE7A3-positive T-cell with a molecule that recognizes and binds 
PDE7A3in an amount effective to inhibit the binding of PDE7A3binding to its ligand 
and thereby inhibiting the functional PDE7A3-associated T cell function. 

20 

30. A method for inhibiting an immune system disease mediated by PDE7A3- positive T 
cell by inhibiting functional PDE7A3-associated T cell interactions by the method of 
claim 29. 

25 31. The method of claim 29, wherein the immune system disease is selected from the 
group consisting of graft versus host disease (GVHD); psoriasis; immune disorders 
associated with graft transplantation rejection; T cell lymphoma; T cell acute 
lymphoblastic leukemia; testicular angiocentric T cell lymphoma; benign 
lymphocytic angitis; and autoimmune diseases such as lupus erythrmatosis, 

30 Hishimoto's thyroiditis, primary myxedema, Grave's disease, pernicious anemia, 
autoimmune atropic gastritis, Addison's disease, insulin dependent diabetes mellitus, 
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good pasture syndrome, myasthenia gravis, pemphigus, Crohn's dii se 3 sympathetic 
opthalmia, autoimmune uvetitis, multiple sclerosis, autoimmune hemolytic anemia, 
idiopathic thrombocytopenia, primary biliary cirrhosis, chronic action hepatitis, 
ulceratis colitis, Sjogren's syndrome, arthritis (including rheumatoid arthritis, juvenile 
5 rheumatoid arthritis, osteoarthritis, psoriatic arthritis), polymositis, scleroderma, and 

mixed connective tissue disease. 

32. The method of claim 29, wherein the molecule that recognizes and binds PDE7A3 is 
an organic compound. 

10 

33. The method of claims 29, wherein the molecule that recognizes and binds PDE7A3 is 
an antibody, or antibody fragment reactive with PDE7A3. 

34. The method of claim 33, wherein the antibody is a polyclonal antibody or a 
15 monoclonal antibody. 

35. The method of claim 34, wherein the antibody is a chimeric antibody having a murine 
antigen-binding site and a humanized region that regulates effector function. 

20 36. The method of claims 29, wherein the molecule that recognizes and binds PDE7A3 is 
an antisense molecule. 

37. A method for identifying anti-protozoal agents that regulate protozoal TbPDE-2a, - 
2b, -2c, or 2e-associated functions comprising contacting TbPDE-2a, -2b, -2c, or 2e- 
25 positive cells with a molecule that recognizes and binds TbPDE-2a, -2b, -2c, or 2e- 
positive cells in an amount effective to bind TbPDE-2a, -2b, -2c, or 2e- positive cells 
and thereby identifying anti-protozoal agents that regulate protozoal TbPDE-2a, -2b, - 
2c, or 2e-associated functions. 
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38. The method of claim 37, wherein the molecule that recognizes and binds TbPDE-2a, - 
2b, -2c, or 2e- positive cells is an organic compound, an antisense molecule, an 
antibody, a peptide molecule, or a ligand. 

5 
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1 acgcgagatccgcgctcgcctccgtccgcccaggcggcgatgacacggcgcccacggcggcccgaaggcgccgggtgggc 80 
" 81 cgtttgctgaccggatcgcggctacccgccagcgtgtccgcggcgccgccgccagc ATG GGC TGT GCC CCG AGC 154 

i« arc CAC ATT TCC GAG C<3C CTG GTG GCC GAG GAC GCG CCT AGC CCC GCG GCA CCG CCG CTG 214 

7 I Hi S BR L V A E DA P S PAAP P L 26 

91 r TrG 7 rr GGC GGG CCG CGC CTC CCG CAG GGC CAG AAG ACG GCC GCC TTG CCC CGG ACC CGC 274 

27 S S GG pRLPQGQKTAALPRTR 46. 

9 ~e rrr rC r GGC CTC TTG GAG TCG GAG GTT CGC GAC GGC AGC GGC AAG AAG GTA GCA GTA GCT 334 

47 G A G L L E S B V R D G S G K K V A V A 66 

33S GAT GTG CAG TTT GGC CCC ATG AGA TTT CAT CAA GAT CAA CTT CAG GTA CTT TTA GTG TTT 394 
67 D VQ PGPMRFHQD Q LQVLLVF.86 

39S ACC AAA GAA GAT AAC CAA TGT AAT GGA TTC TGC AGG GCA TGT GAA AAA GCA GGG TTT AAG 454 

87 T keDNQCNGFCRACEKAGFK 106 

455 TGT ACA GTT ACC AAG GAG GCT CAG GCT GTC CTT GCC TGT TTC CTG GAC AAA CAT CAT GAC 514 

107CTVTKEAQAVLACFLDKHHD 126 

515 ATT ATC ATC ATA GAC CAC AGA AAT CCT CGA CAG CTG GAT GCA GAG GCA CTG TGC AGO TCT 574 

127IIIIDHRNP RQLDAEALCRS 146 

575 ATC AGA TCA TCA AAA CTC TCA GAA AAC ACA GTT ATT GTT GOT GTA GTA CGC AGG GTG GAT 634 

147lRSSKl«a EMTVIVGVVREVD 166 

635 AGA GAA GAG TTG TCC GTA ATG CCT TTC ATT TCT GCT GGA TTT ACA AGG AGG TAT GTA GAA 694 

167 R BE Xi B V H * P F Z SAG FTR RYVB 186 

695 AAC CCC AAC ATC ATG GCC TGC TAC AAT GAA CTG CTC CAG CTG GAG TTT GGA GAG GTG CGA 754 

187 N P N IMACYNELL Q LEFGBVR 206 

755 TCA CAA CTG AAA CTC AGO GCT TGT AAC TCA GTA TTC ACT GCA TTA GAA AAC AGT GAA GAT 814 

207 8 Qfc.KLR-ACHSVF TALBlfS SD 226 

815 GCA ATT GAA ATT ACA AGC GAA GAC COT TTT ATA CAG TAT GCA AAT CCT GCA TTT GAA ACA 874 

227 AIBITSBDRFIQYA NPAFRT 246 

87S ACA ATG QQC TAT CAG TCA GOT GAA TTA ATA GGG AAG GAG TTA GGA GAA GTG CCT ATA AAT 934 

247 T M 0 ;Y> Q S G E L I G X B • L G B V P I 266 

935 GAA AAA AAG X3CT GAC TTG CTC GAT ACT ATA AAT TCA TGC ATC AGG ATA GGC. AAG GAG TGG 994 

267 E KKADLLDTIHflCIRI GKBW 286 

995 CAA GGA ATT TAC TAT GCC AAA AAG AAA AAC GGA GAT AAT ATA CAA CAA AAT GTG AAG ATA 1054 

287QG IYYA. KKKHODHIQQHV.XI 306 

1055 ATA CCT OTC ATT GGA CAG GGA GGA AAA ATT AGA CAC TAT GTG TCC ATT ATC AGA GTG TGC 1114 

307 1 P V I QQG GK I RHYVS I 1 RVC 326 

1115 AAT GGC AAC AAT AAG GCT GAG AAA ATA TCC GAA TGT GTT CAG TCT GAC ACT CGT ACA GAT 1174 

327 W G H N X A B K I ' 8 B C V Q.S D T.R T D 346 

1175 AAT CAG ACA GGC AAA CAT AAA GAC AGG AGA AAA GGC TCA CTA GAC GTC AAA GCT GTT GCC 1234 

347 NQTGKHKDRR KGSL-DVKAVA 366 

1235 TCC CGT GCA ACT GAA GTT TCC AGC CAG AGA CGA CAC TCT TCC ATG GCC CGG ATA CAT TCC 1294 

367 SRATEVSSQRRHSSMAR IHS 386 

1295 ATG ACA ATT GAG GCG CCC ATC ACC AAG GTA ATC AAT GTT ATC AAT GCT GCC CAG GAA AGT 1354 

387 MT IEAPITKVI -.NVIN AAQBS 406 

1355 AGT CCC ATG CCT GTG ACA GAA GCC CTA GAC CGT GTG CTG GAA ATT CTA AGA ACC ACT GAG 1414 

407 S P M P-VT BALDRVL E I L R TTE 426 

1415 TTA TAT TCA CCA CAG TTT GGT GCT AAA GAT GAT GAT CCC CAT GCC AAT GAC CTT GTT GGG 1474 

427 LYSPQFGAK. DD DPHANDLVG 446 

1475 GGC TTA ATG TCT GAT GGT TTG CGA AGA CTA TCA GGG AAT GAA TAT GTT CTT TCA ACA AAA 1534 

447 G It M S D'G IiR Rli.S G N EYVL STK 466 

1535 AAC- ACT CAA ATG GTT TCA AGC AAT ATA ATC ACT CCC ATC TCC CTT GAT GAT GTC CCA CCA 1594 

467 NTQMVSSKIITPISLDDVPP 486 
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i5 9S COG MA GCT CGG GCC ATG GAA AAT GAG GAA TAC TGG GAC TTT GAT ATT TTT GAA CTG GAG 1,54 
487 RIARAMB" 140 

i S5 GCT GCC ACC CAC AAT AGG CCT TTG ATT TAT CTT GGT CTC AAA ATG TTT GCT CGC TTT GGA ITU 

507 AATHNK*' AJJ -- 

1715 ATC TGT GAA TTC TTA CAC TGC TCC GAG TCA ACG CTA AGA TCA TGG TTA CAA ATT ATC GAA 1774 

527 ICEFLH C&& * 

iTn GCC AAT TAT CAT TCC TCC AAT CCC TAC CAC AAT TCT ACA CAT TCT GCT GAT GTG CTT CAT 1834 

»» GCC ACT GCC TAT TTT CTC TCC AAG GAG. AGG ATA AAG GAA ACT TTA GAT CCA ATT GAT GAG 1894 

1», GTC GCT GCA CTC ATC GCA GCC ACC ATT CAT GAT GTG GAT CAC CCT GGG AGA ACQ AAC TCC 195. 

587 V AAl>I AAiA 

».. TTC CTG TGT AAT GCT GGA AGT GAG CTG GCC ATT TTG TAC AAT GAC ACT GCT GTG CTG 2014 



■ _ nnr rrr TTG GCC TTC CAG CTG ACC ACT GGA GAT GAT AAA TGC AAT ATA TTT 2074 

2015 AGC CAC CAT GCG GCC TTG GCC lit ^ q ^ ^ c ^ j p ^ 

527 SHHAAi» ACS< 

_ „_ ar:r j, RT gar TAT CGG ACA CTG CGC CAG GGG ATT ATC GAC ATG GTC TTA 2134 

2075 AAA AAC ATG GAG AGG AAT GAT iAi m y L gg6 

547KNMBRNDYKXu^ v 

2135 GCC ACA GAA ATG ACA AAG CAC TTT GAG CAT GTC AAC AAA TTT GTC AAC AGC ATC AAC gj« 

CCC TTG GCA ACA CTA GAA (JAA AAT GGG GAA ACT GAT AAA AAC CAG GAA GTG ATA AAC ACT 2254 

g87Pl*ATl»EB« w 
22S5 ATG CTT AGG ACT CCA GAG AAC CGG ACC CTA AT C AAA O* ** CTG ATT AAA TGT GCT GAT 231. 

707 M L R T P'B N ** 
2315 GTG TCC AAT CCC TGC CGA CCC CTG CAG TAC TGC ATC GAG TGG GCT GCA CGC ATT TCG £7. 

727 VSNPCR* i,w 
2375 GAA TAT TTT TCT CAG ACT GAT GAA GAG AAG CAG CAG GGC TTA CCT GTG GTG ATG CCA GTG 2434 

Z TTT L AGA ^T ACC TGC AGC ATC CCC AAA TCC CAA ATC TCT TTC ATT GAT TAC TTC ATC .*,« 

767 FDR, WTCS . 
2*95 ACA GAC ATg'tTT GAT GCT TGG GAT GCC TTT GTA GAC CTG CCT GAT TTA ATG CAG CAT CTT .554 

787 T D M F D A. W V a 
2555 GAC ARC AAC TTT AAA TAC TGG AAA GGA CTG GAC GAA ATG AAG CTG CGG AAC CTC CGA CCA 2514 

2615 CCT CCT GAA TAG tgggagacaccacccagagccctgaagctttgttccttcggtcatttggaattcctgagggcag 2690 
627 P P E * 

2591 ccagagctccttggtcctttcagtaetaggcagaacagcccccgatctgcatagcctgtgaaagcccacggggacatcag 2770 
2771 taaccttctgcagccaccatccaatgccattactgtcaagtgagaottggccactgtagcctgggcctgctgcaggaget 2850 
2851 cttcagaaaggcacatgaggaccacggtttgcctcagtttctggtaaaaoacaaggtctggagtgoccctgoaaagggta 2930 
2931 ttgatggacttcctgccagtgacagagcatgtctattgcaaacaattctctcagttacgttcagcacttaagaacggcta 3010 
3011 atggcaataggatcttcagoaactttttcacatcatagaaggtgcaatcgotcacttgggaacactactgagagtgactt 3090 
3091 ctcttttaaaattgagtagcagatgaaaaattaaaatttgaacttgattattaatatcaattaaaatgttttatttattt 3170 
3171 tattaaaagctcaatattttctatgaattcaaaaatacttcagagccaaagceaacttcaaataccgtgaccaaatttac 3250 
3251 atgattcatattcattatgcattacttggtatacagacttattttcataatgcaaattaataaaatgacaottttactgc 3330 
3331 actatagaaatattcatgtatgttaaacttttctgattgaggctaactggaaaaagctggggtcgtattctaagtgctaa 3410 
3411 agaaggctgcttctactgtatagaacccagggctctgaaacagctctagccgcctaatgcacttcadaggtaactcccca 3490 
3491 aggtaaaactagactctcttgttggttcgcaaagaaaagttaggacttaaGacttttttctaaaattttataattcaatt 3570 . 
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3571 tccaaaagtctactctattttatactgtttctacaaaatattccttataaaaacaaagaacaaaaattgaatatttaatg 3650 

i 

3651 aattgacattttataaccaacctgtttttatctacggtgggaatctttgatgccagaaatttataaagaggttctgtatc 3730 
3731 etcacaccttgaataagcataataccataaaa?: ^acacttgacatgtcaatgtatttgtcatttcattttaaactcgt 3810 
3811 atttgtggtttttttcccagataaaaatgaaattaaaccatttctttttaagaaaaaaaaaaaaaaaaaa 3880 
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B . 

IxflA, 1 MGCAPSIHISE-RIiVAEDAPSPAAPPLSSGGPRLPQGQ^ 

wBA, ■ 1 MGCAPS IHTSEMRTFSHSDGEDEDVDVDVPGPAPRS IQRWSTAP GLVE PQPRDNG 

******** ** * ******* ** 

H8A, 60 GKKVAVMVQFG PMRFHQDQLQVLLVFTKEDNQCNG FCRACE KAGF KCTVTKEAQ AVLAC 

ni8A, 56 ASKVSVMVQFGPMRFHQDQLQVLLVFTK^ 

**.+********★********++****+* ***** *************** * ** * 

h8A, 120 .ELDKHHDIIIID 

m8A, 116 ;fqdklhdiiiid 

*i ** ******* 
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complete 7A3 -> List 

sagjenoe 2990 b.p. ATCGAAGTCICT ... daaaaaaaaaaa linear 



| 10 | 20 | 30 

1 A1GGAW7TGT CCCGG?ACTG 
61 C7IC*GCCGCC GAGGAl?DCA7 C*GC?*CAGC 
121 OCCOC-GCAGC TCrCTZ?C»G OOC^GGAflCT 

181 rawvcATtc Gmrirrpao agatgtacct 

241 JGWCAGGCT 7ATtX^TTIT 
301 GTC7C1CTCT 1 COSCAASGftA 7ATCAGAA3G 
361 TCACOCTTTT T02£I33IfcC 7GCGC?TTTZA 
421 WPGGACAAG CCVOTSTWT GCTOGAA%AA 
481 T7TCATAGAC TAftCAAATC-C AAATAGICTA 
S41 CATOGAT7AA CGATTTAGAJ 
601 ATJCAAGAAG ATTMCftCAG TCAAAM t 3TT 
661 AC7CAGGCCA IOTCT3PTA CTCAAAJE»A 
723 GATATCTTGC I*»3OTM>T ^GCAGCT30C 
781 CAACC9TTCC PEkTlAAAAC TAACCATTPC 
e^l CTWAAAATC AOCWCTGGAG ATCTQI7CTG 
SCI CATCTGCCAT T«K5^JaGCAG GC AACAAATC 
S63 ACAGAjCACCA GJTX-CCRGAA ^3A£TVtfCIG 
1C21 GATTTATQrC TN3»/GACAC CAG*C?0>GA 
1C81 QCTGATSTIT GTASCCCATG rOGjAZUIOG 
1141 ACGGA05AAT TCT3CCATCA AQQVMAIA 
1201 CTCTCOGAIC CTCACACTGA ATCTAirTCCC 
12*1 GACATftGCIG OTEAGaddaa tgczacbgtt 
1:21 taaaaiatta aaa ttatget cacttctact 
1381 gttr^radtt gtCdtcgctc ^txtaattct 
1*41 trrtgeajaac aggctgeage aataarrtLgt 
1501 ttcgctaacg tggddecttc -cttgrntca 
1561 aaazraaagaa atedcaaaaa laaaataaat 
1621 gag-ccgatc ataatdegaa gaocagettc 
16B1 cc-tgttgatt adatetaact ctboaecatc 
1^41 rrgccgtgcas ccsbcttgcc tcaacttecc 
1801 zc^gtgtttc ccdagtatac gctigttcttt 
1861 gtgoctcgea cagttatttt tcttjgadgag 
1921 gctctccact tgetttagge agagtedgtc 
1981 czacttggtt gtggattcct ggagectage 
2041 cpgogcgttg agtgaactaa taactctatt 
2101 fcgaagtatefc gtagct'gtC gcdcgagtca 
2161 ggCCCtcrgt ataaaggagg ggcattctac 
2221 aggagt.ctc.a tttngg'agc tgctgttgaa 
22»31 bgaaatstgt gcccaaagtit: cagdaagatg 
2341 tatgtggcat catac~caga aaggaagacc 
3401 attcttacat tgtgactgca atggatactc 
2461 ettedgagtg acaggfcagag atgggaagag 
2521 gt^agggatg ccgaatctxrc Cdgagageic 
25B1 tccttttctt t^ggjaggpe agtaaaazaa 
2601 tedegeagaa taatcttcaa ctgcaaaa^ 
2701 deeggtaget cat^rtegta aeccagcact 
2761 cgtcaggagt .cgagaccdg cc tggccaaa 
2821 caaaaattag ctgggtgtca tggccacttg 
2881 Ccggaggcag aggtt^cacL gagecaatat 
2941 aatgaaaccc carmrtcca Lctcaaaaaa 
| 10 ( SO | 30 



| 40 [ 50 | 50 

OOCC3GGACA GQCC3GTCCCC CCAGCADGIC 60 
TOCASC7CCG CCCTEPTOGG CPGCCCC?AT 120 

ftnacc7ATc ACAcncicA To.GAcrxA lao 

STAPGGAGCC GACTMGMT TGAATCA^A 240 
CC7TATTTTCC ACICICAATC TGAAATT3>A 300 
C7AC7AAG?r TCCA3DG&7A 7CTTAGAJCT 360 
AATCCCCrAA ACATCTrACA TCAWaATTOT 420 
CTKXiAAATT OjAATTTIGA TATCWTCTA 4ea 

ciapjgctcaa onran? a^tts^ctctt £40 

ATCATCAAAC rrCGTSCATT* TSTAGITOIX3 (CO 
TA^TAJWOG C3ySTCEACGC TQCGGAICTT (60 
CC7AAGCTIC (X5«rnCTGT AACDrCTIGG 120 
ACTCADGATC T9SVTCA7CC AGGlViTTAftT 160 
77CGCAACTT IMfcCSAGAA CACCPZAGIA 640 
GGCT?A9TOA (5CWICACG CTTATICTCA S*00 
OACACACAGA WXIOCTCT GAT.\TTWXC 960 
GSTCCCATTT OGATAOKCO 102 0 

cATTOGrrr tfo>isatggc frrawvroi ioso 

GAATTAAGCA AGZACTOGAG TaW«7TA 134 0 
GAAAAAAWT ATCATI J 30GG TGTOKZICCA 1200 
AACAtOCAm TT3GTAACTA TVC^TWIOTA 1260 
tttatcaaga agggeaatat atttgaaata 1320 
Cttaaaaaua attteagaaa ccccarcctt -380 
catttaattJb taggatgtaa aaagtatatt 1440 
ttctg^tcrtt afcgteaat aa gaatocatta 1500 
tttgggaccg ccatttaaaa aaggataege 1560 
aaaataa^aa tggatagg^g gtgaoccact i62D 
tgccactjoc tttccagact cctaccactg 1660 
ctoga=a»r ccttataacc ttgcttcdaa 174.0 
Ccccattti^c ctacagcatc cogggacget 1800 
cgcrrtttgt cctccgccag tgctctccat 1850 
gcagcteaaa tgtcaccccn Cccacaagcc 1920 
acccttcccc tegattccaa agtgcctgat 1530 
ac^acaccag a^gcacgagg cccttgagaa 2040 
atajaaagca taatgaaaat gtcctgtgac 21 DO 
^aggaaagtt gaccaggatt gdcigtgttg 2160 
JJOSgcagta gctcaacaag gdatagaggg 2220 
tagggecttt gagaaccaga ctcaacacag 2280 
aagtttccag aaacz.aa^a cgtagcacaa 2340 
aegocategg gecagaaatt cagaaacgira 2400 
atgaaagaaa gtgggtagtg gecgat-^gc 2460 
agqgtagdac tg-ggz)aata ctttagga^t 2520 
acactcgcca ggaat^tga gagtagcaja 2580 
tttegdacca ga^t^cctt gtcttgatCc 2640 
acacacLaga aa^ggaceaa agfcggcragg 27 CO 
ttgegaagee gaggcggccc gategctc^a 27E0 
atagtgaaac ccaogtttct actaaaaaca 2E20 
gcaggctgag a^aggagdat cgc^cgaacc 2t60 
cctgccactg rattxeagee tgggtgaaag 2540 
ad&aaaaaaa aaaaaaadda 2S*S0 
I 40 | 50 | 60 
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PDB7A3 proUi* -> Li*t 

Protein sequence 424 a. a. MEMCYCEPVLFL QHJvJ^IYLDlAG 



| 10 | 50 | 30 | 40 | 50 | 60 

1 tfEVCYU-^ PC£»fVF£HV i,Stt*GAlSFS SSSALJX3CPN PRQLSC*EG* rSYDSSnQTEA ^0 

63 LTTRKLGD^R VRSTOCFBSE WG34F¥IBP R1THSQSSIZ V5tf££FHIR* Uo?3RVT>*S 350 
121 SRFFRGrAJS NSUQLIX1DT N^ATCMLEK FCRMBKafSI/ 180 

183 HGLir/THLO t*fia*RFLVH YHtDkVHAAW TQWOiCYIOT EX UNgVU VT 240 
241 TOnLIiHPGVU QPPLIKINHY LEM-WRSAV GLLRESJLFS o00 

"03 K1Q1GM.3IA TDISSQNBYL SLFRSH103G tXrLHDTSm HLVLQ4ftLKC 3 60 

i.fl ADIOTPZJUW EE.SHQTCSEKV r3£FFH3CDI ELKTMlXTJ^P LCC-F.KTESIA HlQrraJVTYI. 420 

| 10 | 20 | 20 | 40 | 50 | 60 
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381 

A - 7A1 TEEFFHQGDIEKKYHLGVSPLCDRHTESIANIQIGFMTYLVEPLFTEWARFSOTRLSQTM 
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1 ATGTATGTGC ACGACGTACG CATGTTCGCT GAITATTGTT ACTGCTTXTT 

51 CTGCTTACTG AATGACGTGC CTTATTCTAIP CTGCTGTTAT CTGGCGTTTG 

101 CTCGTGGTTT ACAGGACGAX CCGCGCTTCA ACCGTGAGGT TGACAAACAA 

151 CTTGGAIACC GCACGCAGGC CATATTGTGC GAGCCCATCA TACTAAATGG 

201 TGAGATCCTT GCTGTCGTGC AGCTCGTGAA CAAGCTTGAT TCATCTGGAG 

251 AAGTGACTGT GTTTACCGAG GATGATCGTG ACACCTTCCG TGTGTTTTCC 

301 TTATTTGCAG GTATATCCAT CAACAACTCT CACCTGCTTG AGTTCGCTGT 

351 GAAGGCCGGT CGTGAGGTGA TGGAATTAAA TGAACACCGA GCAACATTGT 

401 TTAATAAGAA CGTTCCCTCA CGTGGAGTTA AACGAGTCAC TGCCATCACA 

451 AATAGAGAAA GGGAGGCTGT TCTACGTATT GAGTTCCCCA ACGTGGATGT 

501 TACGGATAinr GACTTCGACT TGTTCCAGGC ACGTGAAAGC ACAGATAAAC 

551 CGTTGGATGT CGCTGCTGCT ATTGCATACA GACTACTGCT TGGAAGCGGC 

601 CTTCCACAAA AGTTTGGTTG CTCCGACGAG GTGCTTCTTA ACTTCAOTCT 

651 GCAATGCCGT AAGAAATACC GTAATGTCCC OTATCACAAC TTTTACCATG 

i 

701 TTGTGGATGT ATGCCAAACC ATTTACACAT TTTTGTACAG GGGAAATGTG 

751 TATGAGAAGT TAACCGAGCT TGAGTGCTTT GTGCTGCTTA TCACCGCACT 

801 GGTGCATGAT CTTGATCATA TGGGGTTGAA CAACAGTTTC TACCTGAAAA 

851 CAGAATCTCC ACTTGGTATT CTTTCCAGCG CAAGTGGTAA CAAGTCTGTT 

901 CTTGAGGTGC ATCACTGCAA CCTTGCTGTT GAGATCCTCT CTGATCCGGA 

951 ATCTGATGTG TTTGGTGGTC TGGAGGGTGC AGAGCGTACT CTTGCGTTCC 

1001 GATCGATGAT TG ATT GT GT A CTTGCGACAG ATATGGCGAG ACATAGTGAA 

FIGURE 21A 
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1051 TTTCTTGAGA AGTACCTAGA 

1101 TTCCGATCAT CGGCAAATGA 

1151 TCTCTAACGT AACGAAACCG 

1201 GTGACGGAGG AGTTCTACCG 

1251 GGAAGTATTG CCCATGTTTG 

1301 GTCAAATTGG ATTCATTGAC 

1351 GTTGATGCCT GCCTGCAAGG 

1401 GAACCGCGCA CAGTGGGAGC 

1451 CGTCTTAG 
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AATTATGAAA ACATCTTACA ACGTTGATGA 
CAATGGATGT GCTTATG&AA GCTGGAGATA 
TTCGACATTT CCCGTCAGTG GGCAATGGCT 
TCAAGGAGAC ATGGAGAAGG AGAGGGGTGT 
ACCGATCTAA GAATATGGAG COTGCAAAAG 
TTTGTCGCAG CCCCATTTTT CCAGAAGATA 
GATGCAATGG ACAGTCGACC GTACAAAGTC 
GAGTTCTGGA AGCAAGGAGT ACAGGGGCTT 
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1 ATGTTCATGA ACAAGCCCTT TGGCAGCAAG CGCTGCGUAC CCTTCCACGA 

51 GTCGGAGCAC CTOTGTGAGG CGTTTGCCAT CACTGAAGCA ATCCPCGCTC 

101 GCTATCAGCG TGGGAAACGC AGCTTTACGT CCTCCGAAAA AAGTGGACTG 

151 GCAGCCCTTA TCAAACGTAT TCCTTATGAT ATCCTTGTTG AGGTTCTCGA 

201 TCAAAGCGGA TTTACTCCAK CAAGCAATGC AACACCCCCC GTTGATTATT 

251 TAGCTATGAT GGAGCACACA ATGACGCACG GTGCGTCTAT TACACACGCC 

301 CTGCAGTACC TTAACGATTT GATGACTAAG TGTACCGGGT GCCCGGGGAT 

351 TCGTACATAT TACCATAACC CCAATCAIGA CGTTCTGGCC GACCCCGTTC 

401 ACGACACGGC AGCATTGATT GATGAAACAA CAGCCGTGGG AAAGTCGGTT 

451 GTAACTAAAC AGTACCTTAA TATAGCTGGG GCTCACTACA TACCCTTGAT 

501 CCACGGAGAT ATTGTGGTTG GCTGTGTTGA GGTACCCCGC TTTTCGGGAA 

551 A2CTTGAGAA ATTGCCATCA TTCCCATCTC TCATAAGAGC TGTGACATGT 

601 ACCGCACACA AATTCATTGA GGAAGCGAGA ATCAACTGGA ACAGGGAGAA 

651 GGCGGAAGCT ATGTTGCAAA TGGCGACCAG GTTGGCCCGT GACAATCTTG 

701 ATGAAACAGT ACTTGCATCT TCTATCATGA ACACTGTCAA GAGTCTCACG 

751 GAAAGTGCGC GTTGCAGTCT CTTCCTTGTG AAAGACGACA AGCTTGAAGC 

801 GCATTTTGAG GATGGTAACG TCGTTTCCAT ACCCAAGGGA ACAGGCATTG 

851 TAGGGTATGT GGCGCAAACT GGTGAGACTG TTAATATTGT TGATGCCTAC 

901 GCCGATGACC GCTTTAACCG TGAGGTTGAC AAGGCTACTG GGTACCCTAC 

951 AAAGACGATA CTCTGCATGC CTGTGATGTA CGAAGGAACG ATTGTGGCTG 

1001 TAACCCAGCT GATTAATAAA TTGGATCTGA CAACTGAGAG TGGATTGCGC 

FIGURE 22A 
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1051 CTACCTCGTG TGTTCGGAAA ACGTGACGAG GAGCTGTTCC AAACCTTCTC 

1101 TATGTTTGCT GGCGCCTCAC TACGTAACTG TCG03ATCAAT GACCGACTCT 

1151 TAAAGGAGAA GAAAAAGAGT GACGTGATTC TCGATGTTGT TACTGTTCTC 

1201 TCGAACACGG ATATCCGCGA TGTGGATGGT ATTGTTCGCC ACGCACTGCA 

1251 CGGAGCAAAG AAACTACTGA ACGCGGATCG CTCTACTTTG TTTTTGGTGG 

1301 ACAAGGAACG GAACGAACTT TGCAGTCGTA TGGCAGATAG CGTTGCTGGT • 

1351 AAGGAGATTC GGTTTCCGTG TGGCCAAGGT ATTGCGGGCA CTGTGGCGGC 

1401 ATCTGGAGTT GGTGAGAATA TTCAGGACGC GTACCAGGAT CCGCGCTTCA 

1451 ACCGTGAGGT TGACAAACAA CTTGGATACC GCACGCAGAC CATATTGTGC 

1501 GAGCCCATCA TACTAAATGG TGAGATCCTT GCTGTCGTGC AGCTCGTGAA 

1551 CAAGCTTGAT ACGTCTGGAG AAGTGACTGT GTTTACCGAG GATGATCGTG 

1601 ACACCTTCCG TGTGTTTTCC TTATTTGCAG GTATATCCAT CAACAACTCT 

1651 CACCTGCTTG AGTTCGCTGT GAAGGCGGGT CGTGAGGTGA TGGAATTAAA 

1701 TGAACACCGA GCAACATTGT TTAATAAGAA CGTTCCCTCA CGCGCGGTTA 

1751 AACGAGTCAC TGCCATTACG AAGGTTGAAA GGGAAGCGGT CTOGGTCTGT 

1801 GAACTTCCAT CGTTTGATGT TACGGATGTT GAGTTCGACT TCTTCCGAGC 

1851 ACGTGAAAGC ACAGATAAAC CGTTGGATGT CGCTGCTGCT AOTGCATACA 

1901 GACTACTGCT TGGAAGCGGC CTTCCACAAA AGTTTGGTTG CTCTGACGAG 

1951 GTGCTTCTTA ACTTCATTCT GCAATGCCGT AAGAAATACC GTAATGTCCC 

2 001 TTATCACAAC TTTTACCATG TTGTGGATGT ATGCCAAACC ATTCACACAT 

2051 TCTTGTACAG GGGAAATGTG TATGAGAAGT. TAACCGAGCT TGAGTGCTTT 

FIGURE 22A (continued) 
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2101 GXGCTGCTTA TCACCGCACT GGTGCATGAT CTTGATCATA TGGGGCTGAA 

2151 CAACAGTTTC TACCTGAAAA CAGAATCTCC ACTTGGTATT CTTTCCAGCG 

2201 CAAGTGGTAA CACCTCTGTT CTTGAGGTGC ATCACTGCAA CCTTGCTCTT 

2251 ' GAGATCCTCT CTGATCCGGA ATCTGATGTG TTTGATGGTC TGGAGGGTGC 

2301 AGAGCGTACT CTTGCGTTCC GATCGATGAT TGATTGTGTA CTTGCGACAG 

2351 ATATGGCGAA GCATGGAAGT GCATTAGAGG CGTTTCTVGC ATCTGCGGCG 

2401 GACCAGTCGT CAGACGAGGC AGCGTTTCAC CGCATGACGA TGGAGATAAT 

2451 C2TGAAAGCT GGAGATATCT CTAACGTAAC GAAACCGTTC GACATTTCCC 

2501 GTCAGTGGGC AATGGCTGTG ACGGAGGAGT TCTACCGTCA AGGAGACATG 

2551 GAGAAGGAGA GGGGTGTGGA AGTATTGCCC ATGTTTGACC GATCTAAGAA 

2601 TATGGAGCTT GCAAAAGGTC AAATTGGATT CATTGACTTT GTTGCAGCCC 

2 651 CATTTTTCCA GAAGATAGTT GATGCCTGCC TGCAAGGGAT GCAAfTGGACA 

27 01 GTCGACCGTA TCAAATCGAA CCGCGCACAG TGGGAGCGAG TTCTGGAAAC 

2751 AAGACTATCA ACGAGTTCTG GCAACAACAG CACTACTCGT TGA 
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1 MFMNKPFGSK RCEPFHESEH 

51 AALIKRJCPYD ILVEVLDQSG 

101 LQYLNDLMTK CTGCPGIRTY 

151 VTKQYLNIAG AHYIPLIHGD 

201 TAHKFIEEAR XNWNREKAEA 

251 ESARCSXiFLV KDDKLEAHFE 

301 AJDDKFNREVD KATGYKTKTI 

351 LPRVFGKRDE ELFQTFSMFA 

4 01 SNTDXRDVPG IVRHALBG&X 

451 KEIRFPCGQG IAGTVAASGV 

501 EPIIIiNGEIL AWQLVNKLD 

551 SLLEFAVKAG REVMELNEHR 

601 ELPSFDVTDV EFDLFRARES 

651 VLLNFILQCR KXYRNVPYHN 

701 VLlLITALVHD LDHMGLNNSF 

751 EILSDPESDV FDGLEGAERT 

801 DQSSDEAAFB RMTMEIILKA 

851 EKERGVEVLP MFDRSKNMEL 

901 VDRIKSNRAQ WERVLETKLS 
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LCEAFAITEA XLARYQRGKR SFTSSEKSGL 

FTPTSNATPP VDYLAMMEHT MTHGASITHA 
YHNPNDDVLA DPVHDTAALI DETTAVGKSV 
IWGCVEVPR FSGNLEKLPS FPSL1RAVTC 
MLQHATR1AR DNLDETVLAS SIMNTVKSLT 
DGNWSIPKG TGXVGYVAQT GETVNIVBAY 
LCKPVMYEGT IVAVTQLINK LDLTTE5GLR 
GASLRNCRIH DRLLKEKKKS DVIXJDVVTVJL, 
KLLNABRSTL FLVDKERNEL CSRMADSVAG 
GENIQDAYQD PRFNREVDKQ LGYRTffTILC 
TS GEVTVFTE DDRDTFRVFS LFAGISINNS 
ATLFNKNVPS RAVKRVTAIT KVEREAVLVC 
TDKPLDVAAA IAYRLLLGSG LPQKFGCSDE 
FYHWDVCQT IHTFLYRGNV YEKLTELECF 
YLKTESPLGI LSSASGNTSV LEVHHCNLAV 
IxAFRSMIDCV IATDHAKHGS AUEAFIASAA 
GDISNVTKPF DISRQWAMAV TEEFYRQGDM 
AKGQIGFIDF VAAPFFQKIV DACLQGMQWT 
TSSGNNSSTR 
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1 ATG GAATTAA ATGAACACCG AGCAACATTG TTTAATAAGA ACGTTCCCTC 

51 ACGTGCGGTT AAACGAGTCA CTGCCATTAC GAAGGTTGAA AGGGAAGCGG 
101 TCTTGGTCTG TGAACTTCCA TCGTOTGATG TTACGGATGT TGAGTTCGAC 
151 TTGTTCCGAG CACGTGAAAG CACAGATAAA TCGTTGGATG TCGCTGCTGC 
201 TATXGCATAC AGACTACTGC TTGGAAGCGG CCTTCCACAA AAGTTTGGTT 
251 GCTCTGACGA GGTGCTTCTT AACTTCATTC TGCAATGCCG TAAGAAAIAC 

301 CGTAATGTCC CTTATCACAA CTTTTACCAT GTTGTGGATG TATGCCAAAC 

351 CATTCACACA TTCTTGTACA GGGGAAATGT GTATGAGAAG TTAACCGAGC 

4 01 TTGAGTGCTT TGTGCTGCTT ATCACCGCAC TGGTGCATGA TCTTGATCAiT 

451 ATGGGGCTGA ACAACAGTTT CTACCTGAAA ACAGAATCTC CACTTGGTAT 

501 TCTTTCCAGC GCAAGTGGTA ACACCTCTGT TCTTGAGGTG CATCACTGCA 

551 ACCTT GCTGT TGAGATCCTC TCTGATCCGG AAXCTGATGT GTTTGATGGT 

601 CTGGAGGGTG CAGAGCGTAC TCTTGCGTTC CGATCGATGA TTGATTGTCT 

651 ACTTGCGACA GATATGGCGA AGCATGGAAG TGCATTAGAG GCGTTTCTTG 

701 CATCTGCGGC GGACCAGTCG TCAGACGAGG CAGCGTOTCA CCGCATGACG 

751 ATGGAGATAA TCTTGAAAGC TGGAGATATC TCTAACGTAA CGAAACCGTT 

801 CGACATTTCC CGTCAGTGGG CAATGGCTGT GACGGAGGAG TTCTACCGTC 

851 AAGGAGACAT GGAGAAGGAG AGGGGTGTGG AAGTATTGCC CATGTTTGAC 

901 CGATCTAAGA ATATGGAGCT TGCAAAAGGT CAAATTGGAT TCAOTGACTT 

951 TGTTGCAGCC CCATTTTTCC AGAAGATAGT TGATGCCTGC CTGCAAGGGA 

1001 TGCAATGGAC AGTCGACCGT ATCAAATCGA ACCGCGCACA GTGGGAGCGA 

FIGURE 23A 
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1051 GTTCTGGAAA CAAGACTATC AACGAGTOCT GGCAACAACA GCAGTACTCG 

1101 TTGA 
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1 MELKEHRATL FNKNVPSKAV KBOTAITKVE REAVLVCELP SFDVTDVEFD 
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1 acgcgaga tccgcg c t cgcc t ccgtccg= c ca ggcggcga t gaea cggcgcccacggcggcccgaaggcgccggg tgggc 8 0 

81 cgttcgctgaccggatcgcggctaccegccagcgtgtccgcggegccgccgccagc ATG GGC TGT GCC CCG AGC 154 
1 HGCAPSG. 

155 ATC CAC ATT TCC GAG CGC CTG GTG GCC GAG GAC GCG CCT AGC CCC GCG GCA CCG CCG 3 214 
7IHISSRLVAEDAPSPAAPP. 26 

215 TCG TCC GGC GGG CCG CGC CTC CCG CAG GGC CAG AAG ACG GCC GCC TTG CCC CGG ACC CGC 274 
27 £ S G G P P. L P C G Q K T A A L P X T R '« 

275 GGC GCC GGC CTC TTG GAG TCG GAG GTT CGC GAC GGC AGC GGC AAG AAG GTA GCA GTA GCT 334 
47 G AG Z> l> E S E V R D G S G KKVA VA 66 

335 GAT GTG CAG TTT GGC CCC ATG AGA TTT CAT CAA GAT CAA CTT CAG GTA CTT TTA GTG TTT 39-4 
fi7D V Q ? G P MR FKQOQ L QVL L V P 86 

335 ACC AAA GAA GAT AAC CAA TGT AAT GGA TTC TGC AGG GCA TGT GAA AAA GCA GGG TTT AAG 454 
87TKKDNQCNGFCRACBKAGFK 106 

4 55 TGT ACA GTT ACC AAG GAG GCT CAG GCT GTC CTT GCC TGT TTC CTG GAC AAA CAT CAT GAC 514 
107 C T V T S E A C A V L A C P L D K E H D -26 

515 ATT ATC ATC ATA GAC CAC AGA AAT CCT CGA CAG CTG GAT GCA GAG GCA CTG TGC AGG TCT 574 
127 III IDHRNPRQLDAEALCRS 146 

575 ATC AGA TCA TCA AAA CTC TCA GAA AAC ACA GTT ATT GIT GGT GTA GTA CGC AGG GTG GAT 634 
147IRSSKLSENTVIVGVVRBVD 166 

635 AGA GAA GAG TTG TCC GTA ATG CCT TTC ATT TCT OCT GGA TTT ACA AGG AGG TAT GTA GAA 694 

167REBLSVMPFISAGFTRRYVE 186 

695 AAC CCC AAC ATC ATG GCC TGC TAC AAT GAA CTG CTC CAG CTG GAG TTT GGA GAG GTG CGA 754 

187 NPNIMACYNELLQLEPGEVR 206 

755 TCA CAA CTG AAA CTC AGG GCT TGT AAC TCA GTA TTC ACT GCA TTA GAA AAC ACT GAA GAT 814 
207 SQIKLRACMSVPTALENSED 226 

B15 GCA ATT GAA ATT ACA AGC GAA GAC COT TTT ATA CAG TAT GCA AAT CCT GCA TTT GAA ACA 874 
227 AIEITSEDRFIQYANPAFET 246 

875 ACA ATG GGC TAT CAG TCA GGT GAA TTA ATA GGG AAG GAG TTA GGA GAA GTG CCT ATA AAT 934 
247 TWGYQSGE LIGKELGEVP IN 266 

935 GAA AAA AAG GCT GAC TTG CTC GAT ACT ATA AAT TCA TGC ATC AGG ATA GGC AAG GAG TGG 994 
267 EKKADLLDTINSC1R1GKEW 286 

995 CAA GGA ATT TAC TAT GCC AAA AAG AAA AAC GGA GAT AAT ATA CAA CAA AAT GTG AAG ATA 1054 
287 Q GI Y Y A K KKNGDKI Q QNV K 1306 

1055 ATA CCT GTC ATT GGA CAG GGA GGA AAA ATT AGA CAC TAT GTG TCC ATT ATC AGA GTG TGC 1114 
307 IPVIGQGGKIRHYVSIIRVC 326 

1115 AAT GGC AAC AAT AAG GCT GAG AAA ATA TCC GAA TGT GTT CAG TCT GAC ACT CGT 1174 
327 NGNNXABKISECVQSDTR ... 346 

1175 AAT CAG ACA GGC AAA CAT AAA GAC AGG AGA AAA GGC TCA CTA GAC GTC AAA GCT GTT GO"* 1234 
347 N QTG KH K D RRKGS L DV K A V A " 366 

1235 TCC CGT GCA ACT GAA GTT TCC AGC CAG AGA CGA CAC TCT TCC ATG GCC CGG ATA CAT TC 1294 
J67SRAT3VSSQRRHSSMARX H S 386 

1295 ATG ACA ATT GAG GCG CCC ATC ACC AAG GTA ATC AAT GTT ATC AAT GCT GCC CAG GAA AGT 1354 

387 M T I E A P I T X V T N V I N A A 3 3 S 406 

1355 ACT CCC ATG CCT GTG ACA GAA GCC CTA GAC CGT GTG CTG GAA ATT CTA AGA ACC ACT GAG 1414 

407 SPMPVT3ALDRVLEIL RTTE 425 

1415 TTA TAT TCA CCA CAG TTT GGT GCT AAA GAT GAT GAT CCC CAT GCC AAT GAC CTT GTT GGG 1474 
427 L t S PQFGAKDDD PHANDL V G 44S 

1475 GGC TTA ATG TCT GAT GGT TTG CGA AGA CTA TCA GGG AAT GAA TAT GTT CTT TCA ACA AAA 1*34 
447 GLMSDGLRRLSGNEY VLS TK 466 



153 5 AAC ACT CAA ATG GTT TCA AGC AAT ATA ATC ACT CCC ATC TCC CTT GAT GAT GTC CCA CCA 1S«4 

467 NTQMVSStflXTPlSLDDVffp 48*6 

1595 CCC ATA GCT CGG GCC ATG GAA AAT GAG GAA TAC TGG GAC TIT GAT ATT TTT GAA CTG GAG 1654 

487 R T A P. A M E H E E Y W D F D I P E L E 50S 

1655 GCT GCC ACC CAC AAT AGG CCT TTG ATT TAT CTT GGT CTC AAA ATG TTT GCT CGC TTT GGA 1714 

507 AATHNR PL I YLGLKM FAR FG 526 

1715 ATC TGT GAA TTC TTA CAC TGC TCC GAG TCA ACG CTA AGA TCA TGG TTA CAA ATT ATC GAA 1774 

527 ICEFLHCSESTLRSWLQXIE £46 

1775 GCC AAT TAT CAT TCC TCC AAT CCC TAC CAC AAT TCT ACA CAT TCT GCT GAT GTG CTT CAT '834 

547 ANYHSSNPY Ht , STHSADVLH '5*6 

18J5 GCC ACT GCC TAT TTT CTC TCC AAG GAG AGG ATA AAG GAA ACT TTA GAT CCA ATT GAT GAG 1834 

567 A T A Y F L S K 3 R I K 3 T L D P I D E 566 

18 95 GTC GCT GCA CTC ATC GCA GCC ACC ATT CAT GAT GTG GAT CAC CCT GGG AGA ACC AAC TCC 1S54 
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1955 TTC CTG TGT AAT GCT GGA AGT GAG CTG GCC ATT TTG TAC AAT SAC ACT GCT GTG CTG GAG 2014 

607FLCKAGS ELAILYNDTAVL E 626 

2015 AGC CAC CAT GCG GCC TTG GCC TTC CAG CTG ACC ACT GGA GAT GAT AAA TGC AAT ATA TTT 2074 
627 SHHAALAFQLTTGDDKCNI F 64 G 

20 75 AAA AAC ATG GAG AGG AAT GAT TAT CGG ACA CIt» CGC CAG GGG ATT ATC GAC ATG GTC TTA 2134 

647 K N M E K K D V H T « R Q G I I D H V L 666 

2135 GCC ACA GAA ATG ACA AAG CAC TTT GAG CAT GTC AAC AAA TTT GTC AAC AGC ATC AAC AAA 2194 

667 ATEMTKHFBHVNKF VHSIHK 686 

2195 CCC TTG GCA ACA CTA GAA GAA AAT GGG GAA ACT GAT AAA AAC CAG GAA GTC ATA AAC ACT 2254 

687 PliATLEENGETDKJJQEVINT 706 

2255 ATG CTT AGG ACT CCA GAG AAC CGC ACC CTA ATC AAA CGA ATG CTG ATT AAA TGT GCT CAT 2314 

707 M j R T PENRTLl KRHLI KCAD 726 

2315 GTG TCC AAT CCC TGC CGA CCC CTG CAG TAC TGC ATC GAG TGG GCT GCA CGC ATT TCG GAA 2374 

727 V £ H P C R P L Q Y C I E W A A R I £ E 746 

2375 GAA TAT TTT TCT CAG ACT GAT GAA GAG AAG CAG CAG CGC TTA CCT GTG GTG ATG CCA GTG 2434 



747 EYFSQTDEE 



^6 



24 35 TTT GAC AGA AAT ACC TGC AGC ATC CCC AAA TCC CAA ATC TCT TTC ATT GAT TAC TTC ATC 2494 
767FDRNTCSTPKS0ISPIDYFI 786 

24 95 ACA GAC ATG TTT GAT GCT TGG GAT GCC TTT GTA GAC CTG CCT GAT TTA ATG CAG CAT CTT 25** 
787 T L> M F DAW DA FVD h P D L MQH L 806 

2555 GAC AAC AAC TTT AAA TAC TGG .AAA CGA CTG GAC GAA ATG AAG CTG CGG AAC CTC CGA CCA 2614 
807 DNHFKYWKGLDEMXLRNLRp 826 

2615 CCT CCT GAA TAG tgggagacacca==cagagc=ctgaagctttgttccttcggt.catttggaattc=tgaaggcag 2690 
927 P P E " S30 

2S.91 ccagagctccctggtcccttcagcactaggcagaacagcccccgatctgcatagcctgcgaaagcccacggggacatcag 2770 

2771 caaccttccg&agccaccat.ccaatgccattaccgt.caagtgagacttggccactgtagcctgggcccgctgcaggagct 2850 

2B51 cttcagaaaggcacacgaggaccacggtttgcctcagtttctggtaaaacacaaggtctggagtgcccctgcaaagggta 2830 

2931 ctgatggacttcctgccagtgacagagcacgtctactgcaaacaatcctcccagttacgttcagcacttaagaacggcta 3010 

3011 aLggcaacartgacctttagcaaccttctcacaccacagaaggcgcaatcgctcaccCgggaacactaccgagagtgactt 3090 

3091 ctcttttaaaattgagtagcagatgaaaaattaaaTitttgaactt.gattattaatatcaatt-aaaatgttttatttattt 3170 

317] tattaaaagctcaatactttctacgaactcaaaaatacttcagagccaaagccaacttcaaataccgtgaccaaatttioc 3250 

3251 atgacccacattcatcacccattacccggcacacagactcatcttcataacgcaaaccaacaaaatgaeactctcaccgc 3330 

3231 actatagaaatattcatgtatgtcaaacttttctgattgaggccaactggaaaaagccggggtcgtattctaagcgccaa 3410 

3411 agaaggccgcttctactgtatagaacccagggccctgaaacagctctagccgcctaatgcacttcacaggtaactcccca 3490 

3491 aggtaaaactagactctcttgttggtccgcaaagaaaagttaggacttaacacttttttctaaaattttataactcaatt 3570 

3 571 tccaaaagtctaccccactctatactgtttctacaaaacaccccttataaaaacaaagaacaaaaattgaatatttaatg 3*50 

3651 aattgacartt.tataaccaacccgcttttatctacggtgggaatcctcgacgcoagaaatttataaagaggttccgtar.c 3730 

3731 ttcacaccttgaataagcataataccacaaaaaatgacacctgacatgtcaatgfcattcgtcatttcattttaaactcgt 3810 

3B11 attcctcgtttCCttcccagaLaaaaacgaaactaaaccacctctCtctaagaaaaaaaaaaaaaaaaaa 33bo 
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1 acgcgagatccgcgctcgcctccgtccgcccaggcggcgatgacacggcgcccacggcggcccgaaggcgccgggtgggccgtttgctgaccggatcgcg 100 

1D1 gctacccgccagcgtgtccgcggcgccgccgccagc ATG GGC TGT GCC CCG AGC ATC CAC ATT TCC GAG CGC CTG GTG GCC GAG 164 
1 nGCAPSlHlSERLVAElb 

165 GAC GCG CCT AGC CCC GCG GCA CCG CCG CTG TCG TCC GGC GGG CCG CGC CTC CCG CAG GGC CAG AAG ACG GCC GCC 251 
17J>APSPAAPPLSSGGPRLP<2G<2KTAA 41 

2bD TTG CCC CGG ACC CGC GGC GCC GGC CTC TTG GAG TCG GAG GTT CGC GAC GGC AGC GGC AAG AAG GTA GCA GTA GCT 334 
M2LPRTRGAGLLESEVRDGS6KKVAVA bb 

33S GAT GTG CAG TTT GGC CCC ATG AGA TTT CAT CAA GAT CAA CTT CAG GTA CTT TTA GTG TTT ACC AAA GAA GAT AAC 401 
t7DVffFGPffRFH<2]>flLflVLl VFTKEDN 11 

M10 CAA TGT AAT GGA TTC TGC AGG GCA TGT GAA AAA GCA GGG TTT AAG TGT ACA GTT ACC AAG GAG GCT CAG GCT GTC 464 
^tfCNGFCRACEKAGFKCTVTICEAflAV lib 

465 CTT GCC TGT TTC CTG GAC AAA CAT CAT GAC ATT ATC ATC ATA GAC CAC AGA AAT CCT CGA CAG CTG GAT GCA GAG 551 
117LACFLj>KHH2>IIIIDHf? N p R( 2 Li>AE: lql 

5bO GCA CTG TGC AGG TCT ATC AGA TCA TCA AAA CTC TCA GAA AAC ACA GTT ATT GTT GGT GTA GTA CGC AGG GTG GAT b34 
I^ALCRSIRSSKLSENTVIVGVVRRVD itb 

b3S AGA GAA GAG TTG TCC GTA ATG CCT TTC ATT TCT GCT GGA TTT ACA AGG AGG TAT GTA GAA AAC CCC AAC ATC ATG 701 

REELSVnPFISAGFTRRYVENPNIfl 111 

710 GCC TGC TAC AAT GAA CTG CTC CAG CTG GAG TTT GGA GAG GTG CGA TCA CAA CTG AAA CTC AGG GCT TGT AAC TCA 764 

ACYNEL<L0LEPfiEVRSflLKLRACNS 21b 

765 GTA TTC ACT GCA TTA GAA AAC AGT CAA GAT GCA ATT GAA ATT ACA AGC GAA GAC CGT TTT ATA CAG TAT GCA AAT 651 

217 VFTALENSEDAIEITSEDRFIflYAN 241 

6b0 CCT GCA TTT GAA ACA ACA ATG GGC TAT CAG TCA GGT GAA TTA ATA GGG AAG GAG TTA GGA GAA GTG CCT ATA AAT 134 

242 PAFETTflGYflSGELIGKEL -GEVPlN 2tb 

HI " A J AA t AG GC1 6AC TTG CTC GAT ACT ATA AAT TCA TGC AT < A " ATA GGC AAG GAG TGG CAA GGA ATT TAC TAT 1001 
2b7 E K K A DL L D T IN S CIRI G KE UflGIY Y 211 

1010 GCC AAA AAG AAA AAC GGA GAT AAT ATA CAA CAA AAT GTG AAG ATA ATA CCT GTC ATT GGA CAG GGA GGA AAA ATT 1064 
2 ^ 2A KKKNGDNIfl<2NVKIlPVlGflGGKI 31b 

1065 AGA CAC TAT GTG TCC ATT ATC AGA GTG TGC AAT GGC AAC AAT AAG GCT GAG AAA ATA TCC GAA TGT GTT CAG TCT 1151 
317 RHYVSI IRVCNGNNKAEKISECVffS 341 

llbO GAC ACT CAT ACA GAT AAT CAG ACA GGC AAA CAT AAA GAC AGG AGA AAA GGC TCA CTA GAC GTC AAA GCT GTT GCC 1234 
342 1> THTl>NfiTGKHKl>RR|CGSLl>VKAVA 3bb 

l CC p CT ? CA i" r AA !T T TCC A6C CAG ACA C6A CAC TCT TCC ATG GCC CGG ATA CAT T CC ATG ACA ATT GAG GCG 1301 
SRATEVSStfRRHSSflARIHSflTIEA 311 

"™ 5 CC *. TC * CC t k& S TA i TC */ T i JT ATC AAT GCT GCC CAC 6AA AGT ACT CCC ATG CCT 6TG ACA GAA GCC CTA GAC 1364 
PITKVI N I I N A A flESS PHP V TEA L D 41b 

l S5 t TC ? 1G r A * t TJ CTA A " ACC ACT 6AC TTA TAT TCA CCA CAG TTT 6GT 6CT AAA GA T CAT GAT CCC CAT GCC 1451 

417RVLEIL RTTEL YSPflFGAK D D D P H ' A 441 

14b0 AAT GAC CTT GTT GGG GGC TTA ATG TCT GAT GGT TTG CGA AGA CTA TCA GGG AAT GAA TAT GTT CTT TCA ACA AAA 1534 
442 NDLVGGLflSDGLRRLSGNEYVLSTK 4tb 

f/ C i CT ? A i TG t 77 I CA AGC AAT ATA AK ACT CCC AK TCC CTT- GAT GAT GTC CCA CCA CGG ATA GCT CGG GCC IbOl 
4t7NTflriVSSNIITPISLI>l>VPPRlARA 411 

IblQ ATG GAA AAT GAG GAA TAC TGG GAC TTT GAT ATT TTT GAA CTG GAG GCT GCC ACC CAC AAT AGG CCT TTG ATT TAT lb64 

41c RENEEYWD.FDIFELEAATHNRPLIY Slh 

lb65 CTT GGT CTC AAA ATG TTT GCT CGC TTT GGA ATC TGT GAA TTC TTA CAC TGC TCC GAG TCA ACG CTA AGA TCA TGC 1751 

LGLKFIFARFGICEFLHCSESTLRSU 541 

17bO TTA CAA ATT ATC GAA GCC AAT TAT CAT TCC TCC AAT CCC TAC CAC AAT TCT ACA CAT TCT GCT GAT GTG CTT CAT 1634 

LtfllEANYHSSNPYHNSTHS A D V L H 5bb 

1635 GCC ACT GCC TAT TTT CTC TCC AAG GAC AGG ATA AAG GAA ACT TTA GAT CCA ATT GAT GAG GTC GCT GCA CTC ATC 1101 
ATAYFL'SKERIKETLDPIDEVAALI S11 
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1110 CCA GCC ACC ATT CAT CAT CTG CAT CAC CCT GGG AGA ACC AAC TCC TTC CTG TGT AAT GCT GGA ACT GAG CTG 6CC HAM 
S12AATIH»V»HP6RTNSFlCNA6SELA tit 

11A5 ATT TTG TAC AAT GAC ACT GCT GTG CTG GAG AGC CAC CAT GCG GCC TTG GCC TTC CAG CTG ACC ACT G6A GAT GAT 2051 
tl7 I'LY N J> T AV L E S H H A A LA FflL TT G D 0 bMl 

201.0 AAA TGC AAT ATA TTT AAA AAC ATG GAG AGG AAT GAT TAT CGG ACA CTG C6C CAC GGG ATT ATC GAC ATG GTC TTA 213M 
tM2 K C N IF K N fl E R NDY -R T LR Q G I ID B V L bbt 

2135 GCC ACA GAA ATG ACA A AG CAC TTT GAG CAT GTC AAC AAA TTT GTC AAC AGC ATC AAC AAA CCC TTG GCA ACA CTA 220<* 
tt7 ATE HTKHFEHVNKFVAJSINKPLATL til 

2210 GAA GAA AAT GGG GAA ACT GAT AAA AAC CAG GAA GTG ATA AAC ACT ATG CTT AGG ACT CCA GAG AAC CGG ACC CTA 22AM 
bT2 EENGETDKNtiEVINTMLRTPENRTL 71b 

22A5 ATC AAA CGA ATG CTG ATT AAA TGT GCT GAT GTG TCC AAT CCC TGC CCA CCC CTG CAG TAC TGC ATC GAG TG6 GCT 235«J 
?17IKRttLIKCAJ>VSNPCRPLt2.YCIEUA 7M1 

23bO GCA CGC ATT TCG GAA GAA TAT TTT TCT CAG ACT GAT GAA GAG AAG CAG CAG GGC TTA CCT GTG GTG ATG CCA GTG 2M3M 
7M2ARISEEYFSflT»EEKfltffiLPVV nPV 7tt 

2M3S TTT GAC AGA AAT ACC TGC AGC ATC CCC AAA TCC CAA ATC TCT TTC ATT GAT TAC TTC ATC ACA GAC ATG TTT GAT 2501 
7b?FJ>RNTCSIPKSflISFI]>YFITDnFJ> 7«J1 

2S1D GCT T6G GAT GCC TTT GTA GAC CTG CCT GAT TTA ATc'cAC CAT CTT GAC AAC AAC TTT AAA TAC TCG AAA GGA CTG 25AM 
715AUDAFVJ>LP*Ln(2HLl>NNFKYlilKGL Alt 

25A5 GAC GAA ATG AAG CTG CGG AAC CTC CGA CCA CCT CCT GAA TAG tgggagacaccacccagagccct gaagctttgttccttcggtca 2b7Q 
A17 D E fl K 'LR NLRPPPE* ' 430 

2t71 tttggaattcctgagggcagccagagctccttggtcctttcagtactaggcagaacagcccccgatctgcatagcctgtgaaagcccacggggacatcag 2770 
2771 taaccttctgcagccaccatccaatgccattactgtcaagtgagacttggccactgtagcctgggcctgctgcaggagctcttcagaaaggcacatgagg 2A70 
3A71 accacggtttgcctcagtttctggtaaaacacaaggtctggagtgcccctgcaaagggtattgatggacttcctgccagtgacagagcatgtctattgca 2170 
2171 aacaattctctcagttacgttcagcacttaagaacggctaatggcaataggatctttagcaactttttcacatcatagaaggtgcaatcgctcacttggg 3070 
3D71 aacactactgagagtgacttctcttttaaaattgagtagcagatgaaaaattaaaatttgaacttgattattaatatcaattaaaatgttttatttattt 3170 
3171 tattaaaagctcaatattttctatgaattcaaaaatacttcagagccaaagccaacttcaaataccgtgaccaaatttacatgattcatattcattatgc 3270 
3271 attacttggtatacagacttattttcataatgcaaattaataaaatgacacttttactgcactatagaaatattcatgtatgttaaacttttctgattga 3370 
3371 ggctaactggaaaaagctggggtcgtattctaagtgctaaagaaggctgcttctactgtatagaacccagggctctgaaacagctctagccgcctaatgc 3M70 
3M71 acttcacaggtaactccccaaggtaaaactagactctcttgttggttcgcaaagaaaagttaggacttaacacttttttctaaaattttataattcaatt 3570 
3571 tccaaaagtctactctattttatactgtttctacaaaatattccttataaaaacaaagaacaaaaattgaatatttaatgaattgacattttataaccaa 3t70 
3t71 cctgtttttatctacggtgggaatctttgatgccagaaatttataaagaggttctgtatcttcacaccttgaataagcataataccataaaaaatgacac 3770 
3771 ttgacatgtcaatgtatttgtcatttcattttaaactcgtatttgtggtttttttcccagataaaaatgaaattaaaccatttctttttaagaaaaaaaa 3A70 
3A71 aaaaaaaaaa 3AA0 
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Oih aeqLcr.ce 2990 b.p. ATCGAAGTGTCT ... aaaaaaaaaaaa linear 



1 ATG CAA GU3 TGTI TAC CM CTG COG CIA CTG CCC CTG GAC AGG CCC GTC 30C CM CAC GTC 60 

IJISVCYQLPVIPCDRPVPOHV 20 

U CTC AGC CCC CCA CC-A GCC A\w ACC TTC ASC TCC ?3C TCC OCT CH? TO GCC TCC CCC W ISO 

21ISR^CArSPSSSSALPGCPN 40 

131 CCC CGG CFG CIC TCT CAG AGG OCT GGA GCT ATT 1ZC TAT GAC ACT TCT CAT CAG ACT 3CA 160 

41? 1 pLSQRRGA LSYDSS D Q T A 60 

181 TTA TAC ATT OC-7 ATG CTA «SGA 3A1 OTA CGT GCA AGC AGC CGA GCA G3A ITT GAA TCA GAA 240 

61LYXPXLCOV1VRSRAGSESE 80 

S41 AGA AGA 371 TC7 CAC CCA TAT ATT GAT TTT -XT ATT 7 TC CAC TCT CAA TCT GAA ATT GAA 500 

B1XRGSKPY3D7RIFHSC;S8IR 100 

?0L GTG TCT GTC TCT GCA AGG AAT ATC AGA AGG CTA CTA ACT TTC C*3 CGA TAT CTT AC* TCT 360 

ioLVSSJSARNJRALLSFQ.RYl.RS 120 

Jfil rCSV r3C TTT TTT CGT GGT ACT GOG GTT TCA AAT TCC CTA AAC AIT TTA GAT GAT CAT TAT 4,20 

12LSRPFRGTAVSI9S LWIL DDD Y 1.40 

421 AAT CGA CAA GCC AAG TCT ATG CTG GAA AAA GTT GGA AAT TOO AAT TTT GAT ATC TTT CTA 480 

141 M C 0 A X C M L E X V G S W M P D I P L 160 

4ei rrr sat fa\ cta aca aat goa aat agt cta gta agc tta poc ttt cat tt* m agt ctt S40 

ISiPORLr^GIffSLVSLTPHLFSL 130 

<>41 CAT GGA TCA ATT GAG TAC TTC CAC TTA GJVT ?TG ATG AAA CTT CGT AGA TCT TTA GTT ATG 630 

ISlHGSEBYPflLDKftlXLRR F L V M 220 

601 ATT CAA GAA GAT T>C CAC AGT CAA AAT OCT TAC CAT AAC OCA CTC CAC GCT CCG GAT GTT 560 

201IQTDYHSQWPYHHAVHAADV 220 

661 ACT CAG GCC ATG CAC TOT TAC TTA AAG CAA CCT AAG CIT GCC AAT TCT GTA ACT CCT TCG 720 

22lT0AKHCTLKBPXOAIfSVT , P V 240 

721 GAT ATC TTG CTG AGC TTA ATT GCA GCT GCC ACr CAT WT CTC GAT CAT OCA OCT CTT AAT 780 

241 0 I 1LSL1AAATKDLDHPGV V 260 

781 CAA CCr TTC CTT ATT AAA ACT \AC CAT TAC TTC GCA ACT TTA TAC AAG AAT ACC CCA 840 

261 Q PPLIKTNHYLATLYKNTS V 280 

841 CTG GAA AAT CAC CAC TGG AGA TCT GCA GTG GGC TO TTC AGA GAA TCA CCC TTA TTC TCA SCO 

281 £ EtfHH l/KSAVGLLURS C LP S 200 

£01 CAT CTG CCA TTA' GAA AGC AGG CAA CAA ATC GAG ACA CAC ATA GGT GCT CTG ATA Cm CCC S60 

201 H IrPLB SRQQHBTg IGAL 1 C A 350 

SSI ACA GAC ATC AGT CCC CAG AAT (X TAT CTG TCT TTC TTT AGG TCC CAT TTG GAT AGA CGT 1020 

S;iTO;ISllOMBYLSLFXSHLDR3 340 

1021 GAT TTA IGC CTA GAA GAC ACC ACA CAC AGA CAT TTG GTT TTA CAG ATC GCT TTG AAft TCT 1080 

3U0LCLEDTPHRHLVLQNAX.KC 3 SO 

1081 GCT WT ATT TCT AAC CCA TGT COC ACG TGG GAA TTA AGC AAG CX3 TCC AGT GAA AAA GTA '.*_40 

161 ADTCDTPCRTNBLSXQW-S EKV 180 

114L A»:G CAG GAA TTC TTC CAT CAA CGA GAT ATA GAA AAA AAA TAT CAT TTG GGT GTG ACT CCA 12 00 

ISirEflPPHOGDlSKXYHL G V S P 400 

1201 CET TCC GAT CGT CAC ACT GAA TCT Arr CCC AAC ATC CAG ATT GCT AAC TAT ACA TAT TTA 12SO 

40L LCDRBTHS EAftJQTGZTYTYL 420 

1261 GAT ATA GCT GCT TAG aaaaatgccactgr :rtC£CC£ag£dgggau^catttcaaa.Cardaaatdt:c»«.da tt L33S 

421 O I A G 42S 

1316 ao^ccatLtccatt-rtaaaaaetctctaagaa^ttccacccttgtL^ I CIS 

1416 oattetccgdtg-.aaaaag^tctttttgcagaacaQ^acc 1495 

i 4QC raf> j>r» rttftCA' ornaaag t tc t C. t. LQCa^n^r CfCgdC tgCCacCtOft3U9&£gyd ragg«-^rrA,- ^ a *u*r*jnr- 15 7 S 
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15*76 aaaaotsaaataaataaaataaadatggaraggt^&rd^^ 1655 
1656 ct^cctttccaga^t^toccextgcccg^gattaaatctaa^^ 1735 
1736 tC£Eztgctg;:g:i3goaatctt^ccccaa^tUxctctcatt^^ 1815 
1816 t*cacgctgctu:Lttx^tctttgtgcct:^ccagbgct^^ 1B95 
1896 icaaatgtca=et^tecagdagetgc-:cttx»cfccgc^^ 1575 
19^6 ccgatccaciibggttgcgcattcctggaeccteccaccacaccagaas^^ 2CS5 
ICS 6 actaaT^cbgt^ctat&gaaagca^aatgaa^dtgtcct.g^gr3crt^agtdtg tgtagctxgccgcaggag^racogga 2135 
211-6 dagtcga^ta^actgdgcgcgtLrgg^ttrtgc^tdtaa^gtra^BggattctacggvjgL^aag bagc tcaacaag^ata 1215 
1216 gagggagj3gtgC££tCttggtag:cggt^ttgaataggg:u:t:ci^ 3295 
2«?6 aagt^=33aaacatgdagcttccajaaa<:t££gaagg^g^caacacgtggcatctttact ll^S 
1 1 ' 6 atgga^ocegaaat tcagaaa cgtaatcc t taca ttglgattgcaa tgga t actcaegaaac£aagrgggt3gtggccg&. 2 A 55 
2456 i-cgt^tcacagtgacaggtagagaagccaagagc^rgtagaact^ 2515 
253 S tct^aoagegtgctcacaerajccaggaatgctgagagt^ 2615 
2616 aarcBgatatgctttgtcctgattcCC£agtagaacaaCct(C£aatgcaaaagMt:acattagaaat393caaaagtgg 2-595 
2636 rsaggcgcggt.agcrca'^acttgtaacccagcaccctgggaagcegagg 2775 
2776 accagcctggccaaaa'aotogaaaetcacgttrcLactaaad^ 2355 
2336 ctgacatdggagaacc^ttgaacctgggaggcagagcttgcagtgagcr^ 2935 
2936 ^cacaatgaaactrcatxactccdtctcaaa3aaaa£acdaaaaaaaa5aaoaa 2990 
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Box 1 Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 

This International Search Report has not been established in respect ol certain claims under Article 17(2)(a) for the following reasons: 

1. fx] Claims Nos.: 

^""^ because they relate to subject matter not required to be searched by this Authority, namely: 

Although claims 21-28 are directed to a method of treatment of the 
human/animal body, the search has been carried out and based on the alleged 
effects of the compound/composition. 

2. On Claims Nos.: 

— because they relate to parts of the International Application that do not comply with the prescribed requirements to such 
an extent that no meaningful International Search can be carried out, specifically: 

see FURTHER INFORMATION sheet PCT/ISA/210 



3. Pj Claims Nos.: 

because they are dependent claims and are not dratted in accordance with the second and third sentences of Rule 6.4(a). 

Box H Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 

This International Searching Authority found multiple inventions in this international application, as follows: 

see additional sheet 



□ As all required additional search fees were timely paid by the appficant, this International Search Report covers all 
searchabie claims. 



2. As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 
of any additional tee. 



3. I I As only some of the required additional search fees were timely paid by the applicant, this International Search Report 
' — ' covers only those claims tor which fees were paid, specially claims Nos.: 



4 < LyJ No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 

(1 and 21-28) - completely; (7-20) - partially 



Remark on Protest 



| | T he additional search lees were accompanied by the applicant's protest. 
| | No protest accompanied the payment of additional search fees. 
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 21G 



This International Searching Authority found multiple (groups of) 
inventions in this international application, as follows: 

1. Claims: (1 and 21-28) - completely; (7-2Q) - partially 

PDE8A comprising the amino acid sequence SEQ ID N0:2; 
nucleic acid molecule encoding it (SEQ ID N0:1), vector 
containing it, host cell transformed with said vector and 
use thereof to produce PDE8A; antibodies against said 
polypeptide; anti sense molecules; methods of treatment 
derived thereof. 



2. Claims: (2 and 29-36) - completely; (7-20) - partially 

Idem as subject 1, but restricted to PDE7A3 (SEQ ID M0:6) 
and the gene encoding it (SEQ ID N0:5). 



3. Claims: (3-6, 37 and 38) - completely; (7-20) - partially 

TbPDE2A (SEQ ID N0:12), TbPDE2B (SEQ ID N0:10), TbPDE2C 
(SEQ ID N0:14) and TbPDE2E (SEQ ID N0:16); nucleic acid 
molecules encoding them (SEQ ID N0s:ll, 9, 13 and 15 
respectively), vectors containing them, host cells 
transformed with said vectors and use thereof to produce ; 
antibodies against said polypeptides; methods for 
identifying regulators thereof. 
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Present claims 21-24 relate to a compound defined by reference to a 
desirable characteristic or property, namely its ability to inhibit the 
binding of PDE8A to its natural ligand. 

The claims cover all compounds having this characteristic or property, 
whereas the application provides support within the meaning of Article 6 
PCT and/or disclosure within the meaning of Article 5 PCT for only a very 
limited number of such compounds. In the present case, the claims so lack 
support, and the application so lacks disclosure, that a meaningful 
search over the whole of the claimed scope is impossible. Independent of 
the above reasoning, the claims also lack clarity (Article 6 PCT) . An 
attempt is made to define the compound by reference to a result to be 
achieved. Again, this lack of clarity in the present case is such as to 
render a meaningful search over the whole of the claimed scope 
impossible. Consequently, the search has been carried out for those parts 
of the claims which appear to be clear, supported and disclosed, namely 
those parts relating to the compounds mentioned in claims 25-28. 



Please note that the search has been carried out assuming that claim 8 
refers to claim 7 (instead of claim 3). 

The applicant's attention is drawn to the fact that claims, or parts of 
claims, relating to inventions in respect of which no international 
search report has been established need not be the subject of an 
international preliminary examination (Rule 66.1(e) PCT). The applicant 
is advised that the EPO policy when acting as an International 
Preliminary Examining Authority is normally not to carry out a 
preliminary examination on matter which has not been searched. This is 
the case irrespective of whether or not the claims are amended following 
receipt of the search report or during any Chapter II procedure. 
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